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The following are tabbed sections of the Technic Control I Resource Guide. 

Setting Up 

This first red-tabbed section includes detailed instructions for preparing your LEGO® TC logo hardware 
and software and for becoming familiar with the instructional materials. 

Technology Background 

This second red-tabbed section provides information related to technology education, introduces a 
problem solving model and provides systems background information. 

Production / Construction 

This first yellow-tabbed section contains ten student activities and corresponding teacher notes for 
Production / Construction. 

Production / Manufacturing 

This second yellow-tabbed section contains ten student activities and corresponding teacher notes for 
Production / Manufacturing. 

Communication 

This third yellow-tabbed section contains ten student activities and corresponding teacher notes for 
Communication. 

Transportation 

This fourth yellow-tabbed section contains ten student activities and corresponding teacher notes for 
Transportation. 

How To... 

This first grey-tabbed section summarizes programming concepts and provides examples for each. 

Supplemental Material 

This second grey-tabbed section provides copy masters for important concepts and useful sheets for 
classroom management and background information. 
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Welcome to the world of Technic Control I (TCI) Technology! With TCI, students from middle school 
through high school can work in a hands-on problem solving environment to understand better the role 
of computers in today’s technology. 

Programming and feedback experiments enable students to form an in-depth understanding of control 
technology and information transfer. Student projects in the areas of Production / Construction, 
Production /Manufacturing, Communication and Transportation are identified throughout this Resource 
Guide by the following icons. 



Production / Construction Production / Manufacturing Communication Transportation 


This TCI Resource Guide is part of the TCI Technology Pack, and can also be purchased separately. 

The Resource Guide is divided into eight sections. The first two sections are designed to assist you in 
preparing for and carrying out your teaching. The middle four sections contain student projects as well 
as teacher notes and references. The final two sections contain additional reference and supplemental 
material. 
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his section of the Technic Control I (TCI) Resource Guide contains information and instruc¬ 
tions to assist you in preparing for and carrying out your teaching. If you are an experienced 
LEGO® TC logo user, you may wish to proceed more rapidly through the parts dealing with 


preparations you have already accomplished. 


In order to get started with TCI, you need to: 

A. Prepare the hardware and software 

B. Become familiar with the instructional materials 

The following pages contain step-by-step instructions designed to help you accomplish these tasks 
quickly and efficiently. 
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A. Prepare the Hardware and Software 

Use this this check list to record your hardware and software preparation activities. As you complete each 
activity, check it off here. 


_ A-l. 

Inventory of Materials 

page 3 

_ A-2. 

Prepare Building Sets 

page 7 

_ A-3. 

Install Interface Card and Interface Box 

page 8 

_ A-4. 

Prepare User Disks and Configure for 
Computer and Printer 

page 13 

_ A-5. 

Test Interface Card, Interface Box, 
Software and Printer 

page 19 


A-l. Inventory of Materials 

Regardless of how you purchased this guide, you will need a 
certain set of materials to use with it Take stock of your 
materials according to the following inventory list. 

Hardware 

_ Computer(s): Either Apple® or MS-DOS® 

Apple He® or IIGS® computer, with a minimum of 64K of 
memory, one disk drive, and one available expansion slot. 
Printer optional. 



Apple 



MS-DOS 


MS-DOS® (IBM® PC, IBM PS/2 Model 25 and 30, Tandy® 
1000SL and 1000TL, or other compatible) computer, with a 
minimum of 256K of memory, color graphics adapter (CGA) 
card, DOS version 2.1 or higher, one disk drive (hard drive 
optional), and one available expansion slot. Printer optional. 

_Sufficient electrical connectionsforeach computer, monitor 

(if applicable) and interface transformer. Surge protectors are 
recommended. 
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Technic Control I (item 1090) building sets, one or two per computer 




Each Technic Control I (item 1090) building set contains over 400 building elements, including bricks, 
beams, gears, axles, motors, lights, wheels and optosensors, enough for two or three students to use at 
one time. The TCI Technology Pack contains two of these building sets, so that two groups of students 
can share the same computer. 

_Interface card and cable, one of each per computer 

The Apple interface card (item 9767) plugs into the expansion slot of your Apple (lie or IIGS) computer. 



The MS-DOS interface card (item 9771) plugs into the expansion slot of your MS-DOS (IBM PC, IBM 
PS/2 Model 25 and 30, Tandy 1000SL and 1000TL, or other compatible) computer. 


iteeol 9771 


Knnrnm-fnnmrif 



The interface card and cable provide the direct link from the interface box to the computer. Leave your 
interface card in its protective wrapping until you are following the instructions to install it in the computer. 
(Since this Resource Guide will not be referring to the black multilingual booklet included, you may wish 
to store it separately.) 
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Interface box and transformer, one of each per computer 



The interface box connects to the computer interface card by a special cable and provides connections 
for LEGO® motors, lights and sensors so that information can flow to and from the computer. The 
transformer plugs into any standard electrical outlet and provides electrical power to the interface box 
through a connecting wire. (Since this Resource Guide will not be referring to the black multilingual 
booklet also included, you may wish to store it separately.) 

Software 

_LEGO® TC logo Master Disks, one 5.25-inch and one 3.5-inch, in the appropriate computer format 

(Apple or MS-DOS) 



LEGO TC logo Master Disks are provided in both 5.25-inch and 3.5-inch format for convenience. Once 
LEGO TC logo is loaded into the computer, students can use the computer to control the operation of 
motors and lights and to receive and act on information from the optosensors. LEGO TC logo bears a 
strong resemblance to LogoWriter®, a similar product from Logo Computer Systems, Inc., and includes 
many LogoWriter features as well as special commands for use with the LEGO building elements. The 
software also includes graphics and text processing capabilities, enabling students to draw diagrams of 
their projects and write project reports or journals. Shortly, you will be shown how to make user disks 
for daily work. You should store the original Master Disks for safekeeping. 
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Literature 

_ Technic Control I Resource Guide, one per classroom 

This is the binder you are currently reading. Included are instructions for 
setting up, beginning activities, 40 technology activities for students, 
teacher support material and background information. Also included in 
your purchase is a site license for photocopying any material in the binder 
for educational purposes. Pages are secured in a special binder for easy 
viewing and removal. 



LEGO® TC logo Reference Guide and Quick Reference Guide, at 

least one of each per classroom 


Quick 
Reference 
Guide □ 


□dacta 


CTCTCTCT OCT CTCTCT 
CTCTCTCT CTO CTCTCT 

krv-r 1 W W krvr* k-n-r 1 W W knr 1 

krur* krur 1 L u-»_r J W l uxi 1 

•uu 1 l ww J k-rvr 1 Cr? knJ kjiP krti-J 

LEGOTC logo 


These handy booklets provide useful detailed in¬ 
formation about LEGO TC logo. The Reference 
Guide contains a complete listing and description of 
all software commands available. The Quick Ref¬ 
erence Guide is a useful summary of the special 
commands most frequently used with the LEGO 
building elements. These booklets are packaged 
with the Technic Control I Technology Pack in a special box for handy storage. 


Reference 

Guide 



CTCTCTCT? CTCT CTCTCT 

knJ kfi4 CT^ CT? Ln? 

kn? kxi? 


krtr* kn-/^ krur* k-rtr 1 kixr* Vrur 1 kn-r* 

kn-r 1 'mr* k#v^ krur 1 k/xr 1 Kitr 1 kn-r 1 krxr* 

Cv? krw* krvr 1 klxr 1 *rxu^ krtr^ 


LEGO TC logo 



B dacta 


Technic Control I building cards 



Each Technic Control I (item 1090) building set contains a box with five 
building cards, providing an inventory of the elements in the set and step- 
by-step visual instructions for building LEGO models of aferris wheel, an 
automatic door, a washing machine, a conveyor belt system and a robot 
arm. Computer connections are also depicted. (Since this Resource Guide 
will not be referring to the black multilingual booklet also contained in this 
box, you may wish to store it separately.) 

If your inventory indicates that you need additional LEGO materials, see 
the most recent LEGO Dacta brochure for ordering information, or call 
1-800-527-8339 for assistance. 
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A-2. Prepare Building Sets 

New Technic Control I (item 1090) building sets must be configured for use. This operation takes only 
a few minutes. 

Open each Technic Control I (item 1090) building set. Open the small box of building cards in the set. 
(Since this Resource Guide will not be referring to the black multilingual booklet included, you may wish 
to store it separately.) 

Examine the card labeled “1090” with a photograph of the building set 
on the front. Inside the card is a diagram showing the storage location 
of the various building elements in the set. Refer to this diagram as you 
prepare the set for use. 

Open the small bags of building elements. Count the elements and store 
them in the appropriate compartments in the building set tray as shown 
in the diagram in building card A. 

The letter “X” is used with a number on the diagram to show how many 
of each building element you should have. For example, the notation 
“6X” indicates that you should have 6 of a particular building element. 


The numbers inside the drawings of the rubber bands indicate the 
approximate diameters of 2.5 and 3.0 centimeters. 

The bold numbers at the right ends of the black cross axles on the diagram indicate the length of the axles. 
For example, the drawing of the axle with “4X” at the left end and “6” at the right end indicates that you 
should have 4 axles, each of which is as long as a 6-stud brick. 

Insert the wheel hubs into the tires before placing them into the storage tray. 

If a set requires service, write to Susan Williams, Consumer Affairs, LEGO Systems, Inc., P.O. Box 938, 
Enfield, CT 06082, or call (203) 763-3211. 
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A-3. Install Interface Card and Interface Box 

These instructions show you how to install the interface card and the interface box in your computer. 
Your computer must be one of the following. 

Apple He or IIGS computer, with a minimum of 64 K of memory, one disk drive, and one available 
expansion slot. Printer optional. 

MS-DOS (IBM PC, IBM PS/2 Model 25 and 30, Tandy 1000SL and 1000TL, or other compatible) 
computer, with a minimum of 256K of memory, color graphics adapter (CGA) card, DOS version 
2.1 or higher, one disk drive (harddrive optional), and one available expansion slot. Printer optional. 

Use the following check list to record your activities. Follow the detailed instructions for your 
computer model. 

_ Open the computer 

_ Locate an expansion slot 

_ Install the interface card in the expansion slot 

_ Close the computer 

_ Connect the cable 

_ Connect the interface box 

_ Connect the transformer 

If you have an Apple He or IIGS computer, please turn to section A-3-b. 
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A-3-a. Installing the Interface Card and Interface Box on an 
MS-DOS Computer 

Note: You will need a medium-size flat-tip screwdriver. 

1. Make sure the computer is turned off. Unplug the computer from the electrical outlet. 


2. Remove the cover mounting screws located on the bac k or side of the computer. Remove the computer 
cover to gain access to the expansion slots. 



Cover Screws 

3. Select an empty expansion slot. Remove the screw on the adjacent metal slot cover located on the 
rear panel of the computer, and lift out the slot cover. Save the screw for step 5. 
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4. Discharge any static electricity from your body by touching any bare metal on the frame of the 
computer. This will not shock you, and it will prevent any excess electricity from damaging delicate 
electronic components. Carefully remove the LEGO® interface card from its protective packaging. 
Orient the interface card so that the edge with the copper strips is pointing toward the expansion slot. The 
metal bracket on the interface card should be facing the opening at the back of the computer. Press the 
card firmly into the slot. Make sure you seat the card fully into the slot. 



5. Secure the interface card in place with the screw from the slot cover. 

6. Carefully replace the computer cover and re-install the cover mounting screws. Plug the computer 
power cord back into the electrical outlet. 

7. Insert either end of the ribbon cable into the LEGO 
interface card connector at the back of the computer. 

The cable is designed so that it can connect in only one 
orientation. If the cable does not connect easily, turn it 
over and try again. Make sure the end of the cable is 
seated firmly. 


8. Open the carton containing the interface box and 
transformer(item9750) and remove the contents. (Since 
this Resource Guide will not be referring to the black 
multilingual booklet included, you may wish to store it 
separately.) Insert the remaining end ofthe ribbon cable 
into the rectangular opening on the end of the LEGO 
interface box. 
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9. Plug the transformer into any standard electrical outlet. Connect the round end of the power supply 
cord to the circular opening on the end of the LEGO® interface box. A red light near the large red button 
on the interface box indicates that electrical power is being supplied properly. If the red light does not 
come on, make sure all electrical cables are connected securely. If the red light still does not come on, 
call LEGO Dacta, 1-800-527-8339, for technical assistance. 

You have completed setting up your LEGO® TC logo hardware. Now turn to part A-4 to prepare your 
user disks and configure them for your computer and printer. 

A-3-b. Installing the Interface Card and Interface Box on an 
Apple Computer 

Note: You will need a small Phillips screwdriver (the kind with a tip shaped like an “x”). 

1. Make sure the computer is turned off. Unplug the computer from the electrical outlet. 


2. Follow the instructions in your computer manual to remove the computer cover and gain access to 
the expansion slots. The slots are located at the rear of the computer and are labeled 1 through 7. You 
may have to look closely to find the slot number. 



3. Locate expansion slot number 3; this is where we recommend you install the interface card. If slot 
3 is already in use, select another slot. Create an opening in the back of the computer next to your selected 
slot. If you have an Apple He computer, remove the plastic insert that covers one of the larger holes by 
pressing down and out on one of the tabs. If you have an Apple IIGS, turn the small latch on one of the 
larger inserts 90 degrees counterclockwise and remove the insert. 



Setting Up 


11 









4. Discharge any static electricity from your body by touching any bare 
metal on the frame of the computer. This will not shock you, and it will 
prevent any excess electricity from damaging delicate electronic 
components. Carefully remove the LEGO® interface card from its 
protective packaging. Orientthe interface card so that the edge with the 
copper strips is pointing downward toward the expansion slot and the 
cable attached to the card is directed toward the rear of the computer. 

Place the cable connector in the opening at the rear of the computer. 

Place the large nut plate over the connector on the outside of the 
computer. Place the smaller nut plate against the back of the connector on the inside of the computer. 
Use the screws to draw the two nut plates together, securing the connector in place. 



5. Press the interface card firmly into slot 3 or into another slot 
you have selected. Make sure you seat the card fully into the slot. 

6. Carefully replace the computer cover. Plug the computer 
power cord back into the electrical outlet. 

7. Insert either end of the ribbon cable into the LEGO 
interface card connector at the back of the computer. 

The cable is designed so that it can connect in only one 
orientation. If the cable does not connect easily, turn it 
over and try again. Make sure the end of the cable is 
seated firmly. 

8. Open the carton containing the interface box and transformer (item 9750) and 
remove the contents. (Since this Resource Guide will not be referring to the black multilingual 
booklet included, you may wish to store it separately.) Insert the remaining end of the ribbon cable into 
the rectangular opening on the end of the LEGO interface box. 



9. Plug the transformer into any standard electrical outlet. Connect the round end of the power supply 
cord to the circular opening on the end of the LEGO interface box. A red light near the large red button 
on the interface box indicates that electrical power is being supplied properly. If the red light does not 
come on, make sure all electrical cables are connected securely. If the red light still does not come on, 
call LEGO Dacta, 1-800-527-8339, for technical assistance. 


You have completed setting up your LEGO TC logo hardware. Now you can follow instructions in part 
A-4 to prepare your user disks and configure them for your computer and printer. 
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A-4. Prepare User Disks and Configure for 
Computer and Printer 

Follow these instructions to make user disks from your Master Disk and configure them for your 
computer and printer. After you have made sufficient user disks, store your Master Disk in a safe place. 
Use your Master Disk only for making additional user disks as needed. 

User disks can be made by copying the LEGO® TC logo Master Disk contents onto blank disks. Be sure 
to have sufficient blank disks on hand. With a felt tip marker, write “LEGO TC logo User Disk” on a 
number of disk labels. Place one of these labels on each user disk you create. 

If you are preparing Apple user disks, please turn to section A-4-c. 

A-4-a. Preparing MS-DOS LEGO TC logo User Disks 

The following instructions are for MS-DOS (IBM PC, IBM PS/2 Model 25 and 30, Tandy 1000SL and 
1000TL, or other compatible) computers, with a minimum of 256K of memory, color graphics adapter 
(CGA) card, DOS version 2.1 or higher, one or two disk drives (hard drive optional), and one available 
expansion slot. Printer optional. 

Note: If your computer has a hard disk drive, please turn to section A-4-b and follow the instructions 
for installing LEGO TC logo on your hard disk. 

1. Start your computer using DOS 2.1 (or higher) in drive A. Enter the date and time. Leave the DOS 
disk in the drive. 

2. Format a blank disk and install DOS on it by typing 

format b:/s 

at the A> prompt. Instructions appear on the screen telling you to insert your blank (target) disk into drive 
B at the appropriate time. When the formatting operation is complete, you will see the A> prompt once 
more. [Note: If you have only one disk drive, your computer will call it drive A when referring to a source 
disk (such as the DOS disk), and drive B when referring to the target (blank) disk which will become your 
user disk.] 

3. Insert your LEGO TC logo Master Disk into drive A. Copy all of the LEGO TC logo files onto your 
formatted disk by typing 

copy a:*.* b: 

Follow the instructions that appear on the screen. The LEGO TC logo Master Disk is the source disk, 
and is already in drive A. Your user disk is the target disk and should be inserted into drive B. [Note: 
If you have only one disk drive, your computer will call it drive A when referring to a source disk, such 
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as the LEGO® TC logo Master Disk, and drive B when referring to the target (user) disk.] After you have 
made your user disk, store your LEGO TC logo Master Disk in a safe place. Use your Master Disk only 
for making additional user disks. 

4. Test your user disk to make sure it will start up LEGO TC logo properly. Remove all disks and turn 
the computer off. Insert your LEGO TC logo user disk into drive A and turn the computer on. If the 
startup is successful, you will be asked to type in the date and time; then the LEGO TC logo title screen 
will appear. If your user disk does not operate properly, prepare another following the instructions above. 
If the second user disk fails to function, call LEGO Dacta at 1-800-527-8339 and ask for technical 
assistance. 

5. If your MS-DOS computer uses a standard IBM-compatible or Epson-compatible graphics printer, 
no further action is necessary. T o configure your user disk for operation with any other kind of dot matrix 
printer (for example, one which can print only text and not graphics), you must change the printer setting 
on the user disk. Start up LEGO TC logo once more. Press the Ctrl, Alt and Del keys simultaneously 
or turn off and turn on the computer. While the software is loading, press the Escape key. The Printer 
Select screen should presently appear. 


Printer Select 


Use T and i keys to choose a printer 
and press Enter. 


IBM HQ Text 


IBM Draft Text 
Epson Draft Text 
Epson HQ Text 



6. Use the T and I keys to select the option corresponding to your printer. For example, if your printer 
can print only text, move down to the Draft option and press Enter. The printer selection is saved onto 
your disk. 

Note to experienced MS-DOS users: Your LEGO TC logo user disk includes an autoexec.bat file. 
If your computer configuration needs special setup commands, you may add them to the LEGO TC logo 

autoexec.bat file. 
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A-4-b. Installing LEGO® TC logo on an MS-DOS Hard Disk 

1. Start your computer using DOS 2.1 (or higher). Enter the date and time. 

2. Create a new directory for LEGO TC logo on your hard disk. At the C> prompt, type 

mkdir \tclogo 
chdir \tclogo 

3. Insert the LEGO TC logo Master Disk into drive A. Copy all of the LEGO TC logo files into the 
tclogo directory on your hard disk by typing 

copy a:*.* c: 

Store your LEGO TC logo Master Disk in a safe place. 

4. Make sure LEGO TC logo will start up properly from your hard disk. Remove all disks and turn the 
computer off. After the hard disk has stopped spinning, turn the computer back on. After the computer 
has started up, go to the LEGO TC logo directory by typing 

chdir \tclogo 

At the prompt, type 

tclogo 

The LEGO TC logo title screen should appear. If LEGO TC logo does not start up properly, reinstall 
it on your hard disk following the instructions above. If the second attempt fails, call LEGO Dacta at 
1-800-527-8339 and ask for technical assistance. 


C35CTOC3) CTC3> 
CDCDCDCD CDCD 

Cr-w-J CLP 


CDCTCT 

CDCTCD 

CC? CD 

kw 1 LltwJ 


LEGO® TC logo 


LEGO Systems, Inc. Logo Computer Systems Inc. 
£ Logo Computer Systems Inc. 1988 
Press Return 
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5. If your MS-DOS computer uses a standard IBM-compatible or Epson-compatible graphics printer or 
if you have no printer connected to your computer, no further action is necessary. To configure LEGO® 
TC logo for operation with any other kind of dot matrix printer (for example, one which can print only 
text and not graphics), you must change the printer setting of your LEGO TC logo software. Start up 
LEGO TC logo once more. While the software is loading, press the Escape key. The Printer Select 
screen should presently appear. 


Printer Select 


Use T and i keys to choose a printer 
and press Enter. 


IBM HQ Text 


IBM Draft Text 
Epson Draft Text 
Epson HQ Text 


v_ 

6. Use the t and i keys to select the option corresponding to your printer. For example, if your printer 
can print only text, move down to the Draft option and press Enter. The printer selection is saved onto 
your hard disk. 

You have completed setting up your LEGO TC logo hardware and software. Now turn to part A-5 to test 
your equipment. 

A-4-c. Preparing Apple LEGO TC logo User Disks 

The following instructions are for Apple He or IIGS computers with a minimum of 64 K of memory, 
one or two disk drives, and one available expansion slot. Printer optional. 

Note: Apple IIGS users should not access the control panel when using LEGO TC logo. This causes the 
software to “lock up.” If this happens, turn off the computer and then start LEGO TC logo once more. 

The Apple version of LEGO TC logo was developed with its own operating system instead of a standard 
system such as DOS 3.3, Pro DOS or GS/OS. Thus, you can make auser disk simply by copying the Apple 
LEGO TC logo Master Disk onto a blank floppy disk of the same size. It is not possible to make Apple 
user disks from a Master Disk of a different size. Also, it is not possible to install LEGO TC logo on an 
Apple computer hard disk. 

1. Make an Apple LEGO TC logo user disk by copying the contents of the LEGO TC logo Master Disk onto 
a blank disk of the same size. Use a standard copy program or the copy facility on an Apple system disk. 
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For example, you can use the copy facility on a DOS 3.3 or ProDOS system disk for making a 5.25 inch 
LEGO® TC logo user disk. Insert your Apple system disk into drive 1 and turn on the computer. Follow 
the directions in your DOS manual for copying a disk. 


The copy facility in a recent version of ProDOS or GS/OS could be used to make a 3.5 inch LEGO TC 
logo user disk. DOS 3.3 and early versions of ProDOS cannot be used for copying 3.5 inch disks. 


After you have made your user disk, store your LEGO TC logo Master Disk in a safe place. Use your 
Master Disk only for making additional user disks. 


2. Do you have an Apple ImageWriter® connected to your computer through an Apple Super Serial 
Card®? Did you install your LEGO TC logo interface card in slot 3? If you answered yes to both 
questions, then the software on your user disk is already configured to your computer and printer. No 
other adjustments are necessary; skip to the next section. Otherwise, you will have to configure your user 
disk by following the instructions in steps 3 through 6. 


3. Insertyouruserdiskintodrive 1 and turn on your computer and monitor. While the software is loading, 
hold down the Apple key ((5) next to the space bar. The Printer Select screen should presently appear. 


. Printer Select 


Use up and down arrows keys to 
choose a printer, then press Return. 


■ Apple Dot Matrix 
Centronic 122 
Epson 
Tl 850 
C.ltoh 
Okidata 

C. Itoh ProWriter 



4. Using the T and i keys, move the cursor to the category of your printer. For example, the Apple 
ImageWriter is an Apple Dot Matrix printer. (If you have no printer connected, we suggest you select 
Apple Dot Matrix.) Press Return. 
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5. The Interface Select screen appears next, with a list of printer interface cards. Using theT and i 
keys, move the cursor to the name of your printer interface card. (If you have no printer connected, we 
suggest you keep the default selection, Apple Super Serial Card.) Press Return. 


, Interface Select - 


Use up and down arrows keys to 
select a printer interface, then press 
Return. 


■ Apple Super Serial Card 
Apple Parallel Interface Card 
Apricorn PrinterPro 
Apricorn Serial Interface 
Grappler + 

Serial Grappler 
Serial Grappler + 



6. The Slot Select screen appears next, with a list of the slot numbers in the computer. UsingtheT and si keys, 
move the cursor to the number of the slot in which you installed your LEGO® interface card. Press Return. 


• Interface Select. 


Use up and down arrows keys to 
select the LEGO® slot, then press Return. 


Slot 1 
Slot 2 
■ Slot 3 
Slot 4 
Slot 5 
Slot 6 
Slot 7 



Your printer, printer interface and LEGO TC logo slot selections are now saved on your user disk. To 
change them again, follow steps 3 through 6 above. You may wish to note your selections on a label for 
your computer and your disk. 
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Additional 3.5 Inch Disk Notes 

Due to the particular way the software was developed, the Apple 3.5 inch LEGO® TC logo disk has 
certain limitations. 

1. The contents of an Apple 3.5 inch LEGO TC logo disk cannot be copied onto a 5.25 inch disk or vice 
versa. 

2. The Apple LEGO TC logo software can store the same amount of information on a 3.5 inch disk as 
on a 5.25 inch disk, not more. 

You have completed setting up your LEGO TC logo hardware and software. Now you can test your 
equipment by following the instructions in part A-5. 

A-5. Test Interface Card, Interface Box, 
Software and Printer 

Now that you have installed your LEGO interface card and interface box and have made and configured 
your LEGO TC logo user disk, it is important to test the system to make sure the various components 
work together properly. 

1. Check the connections of your LEGO TC logo system. The transformer should be plugged into an 
electrical outlet and connected to the interface box. The interface box should be connected to the 
computer interface card. The red power light near the large red stop button on the interface box should 
be glowing. 

2. To begin this test, your computer should be turned off. Insert your LEGO TC logo user disk in the 
drive and turn on your computer. (For an MS-DOS computer with a hard drive, turn on the computer, 
go to the tclogo directory and type tclogo.) The LEGO TC logo screen should appear, indicating that 
the software has loaded successfully. 


/Finn 


33 


CxJ Qj CCj Cj Lr>J 

LvJ C3) C3 C31 

£333 C33J 1333 C 33 ] C333<333 <333C333C33> 

<373 

<333 <33> [3d £333 <33><33> t33> 33>33 

LEGO® TC logo 


LEGO Systems, Inc. Logo Computer Systems Inc. 
£ Logo Computer Systems Inc. 1988 
Press Return 
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3. Press Return or Enter. A screen labeled Contents appears, with the cursor on NEW PAGE. Press 

Return or Enter. 


Contents 


Use up and down arrows keys to 
choose a page and press Return 

i NEW PAGE 

TURTLE 



4. A blank “page” appears with the cursor at the bottom of the screen. Type the following line exactly 
as shown, including spaces, and press Return or Enter. (Use the number 0 and not the letter O for the 
second item in the line.) 

talkto 0 on 

If the red light next to the port labeled 0 on the interface box comes on, then your software has 
successfully recognized the LEGO® interface card and is sending an electrical signal to the interface box. 
(If this part of the test is not successful on an Apple computer, it often means that the software is sending 
instructions to a slot other than the one with the LEGO interface card. Follow the instructions in section 
A-4-c, steps 3 through 6 to make sure your software is configured correctly.) 

Now type the following and press Return or Enter. 

off 

The red light on the interface box next to port 0 should turn off. 

5. If you wish to test your printer setup, turn your printer on. Type the following lines, pressing Return 
or Enter after each. 

print [printer test] 

printtext 

cleartext 

The words “printer test” should appear at the top of the computer screen. Then the printer should print 
those same words. Finally, the screen should be cleared again. If this happens, then your printer test 
was a success. 
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6. Press Escape to go back to the screen labeled Contents. Turn your computer off. 

If all of these test steps were successful, it means that you have made a user disk which starts up properly, 
you have connected the LEGO® interface card and interface box properly, and your software can 
communicate with the interface box and with your printer. 

If your test was not successful, first use the previous setup instructions as troubleshooting guides. Check 
all connections and configurations, then try the test again. If you still are not successful, call LEGO Dacta 
at 1-800-527-8339 and ask for technical assistance. Please have these instructions on hand and your 
computer available when you call. 

You are now ready to familiarize yourself with the instructional materials. 
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B. Become Familiar with the 
Instructional Materials 

The following pages contain information and suggested activities to help you become familiar with the 
instructional materials in the Technic Control I Resource Guide. Sections are included on the following. 

B-l. Resource Guide Overview 
B-2. Building Cards 

B-3. Student Activity Cards and Teacher Notes 
B-4. Start Cards 

B-l. Resource Guide Overview 

The TCI Resource Guide is intended to be a foundation document for supplementing the teaching of 
technology in the middle school and junior high school grades. It contains eight major sections separated by 
tabs. 

Setting Up 

Technology Background 
Production / Construction 
Production / Manufacturing 
Communication 
Transportation 
How To... 

Supplemental Material 
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You are in the Setting Up section and have already prepared your hardware and software. The remainder 
of this section is devoted to learning more about the details of the building cards, Start Cards, activity 
cards and teacher notes, and how to use them in your teaching. 

The Technology Background section contains a technology education overview and suggestions on 
how to incorporate problem solving and a systems approach into your teaching. 

The group of four activity sections are the core of the Resource Guide. Each section contains ten student 
activities with accompanying teacher notes for use in a particular area of a typical technology education 
curriculum, including Production / Construction, Production / Manufacturing, Communication 
and Transportation. You and your students will probably spend most of your instructional time with 
activities from these four sections. 


The How To section is designed to be a handy reference with detailed instructions for performing a 
variety of software and hardware related tasks. 

The section on Supplemental Material contains additional information which may be helpful to you 
and your students. 

The Resource Guide is designed to be a dynamic document rather than a static one. The special binder 
allows you to remove, add or delete pages easily. Feel free to reconfigure or reorganize your Resource 
Guide to suit your teaching needs best. 


Take a few moments to browse through each section, if you have not yet already done so. Become 
familiar with the nature of each section and with some typical pages. Begin formulating possible 
teaching scenarios and thinking of some different ways you might use the material with your students. 


B-2. Building Cards 


Each Technic Control I (item 1090) building set contains a box with five 
building cards, providing a set inventory and step-by-step visual instructions 
for building several LEGO® models. Take a few moments to become more 
familiar with the building cards. 

First, look at the cover of the box. The robot arm model in the photograph 
is one of the five projects which can be built following the step-by-step 
instructions in the building cards. 

The illustration beneath the photograph contains some helpful information. 
The drawing of the yellow beam and the six black cross axles indicates that 
the length of the various axles corresponds directly to the length of an integral 
number of studs on a LEGO beam or brick. In the building cards, you will 
often see a number printed near an axle. This number indicates the length 
of that particular axle measured in studs. 
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The numbers beside the various gears in the illustration refer to the number of teeth on each type of gear. 
For example, the gear labeled “zl6” has 16 teeth. 

Open the box and select the building card labeled “1090” with a 
photograph of the building set on the front. Y ou have already used pages 
two and three to prepare the set for instruction. Turn to pages four and 
five, and examine the various diagrams. The purpose of these two pages 
is to provide examples of how the various LEGO® building elements can 
fit together. You and your students may find this page helpful in gaining 
additional building experience or sharpening building skills. 


The drawings of the two sets of wheels at the top of page four are 
designed to provide examples of single and double axle vehicles. The 
vehicle on the left is constructed with one axle six studs long. The 
vehicle on the right is built with two axles, each four studs long. The 
behavior of the two vehicles is different, especially as they roll around 
comers. 

The three drawings in the middle of page four illustrate different techniques of joining building elements 
at right angles using some of the eight connector pegs in the set. There is an interesting proportion 
between the distance between holes measured along a beam and the distance between holes of beams 
stacked upon one another. 

The drawing at the bottom of page four shows how a long beam can be built from two shorter beams. 

The drawings on page five illustrate similar building techniques. Notice the numbers used to indicate 
the length of the axles. 

How sharp are your observation skills? Can you determine how the two gears in the bottom right drawing 
are held together? (Hint: Look at the holes in the top gear; compare the drawing with the leftmost gear 
drawing.) 

The drawings on page six show even more building techniques and how to assemble the two types of 
chain links. The small black brick shown on the right side of the page is an optosensor. The counting 
wheel can be used with the optosensor to determine how far or how fast an axle has rotated. 

Pages seven and eight show typical ways the motors lights and optosensors can be connected to the 
interface box. These connections will be covered in the Start Cards at the end of this Setting Up section. 

The remaining pages contain photographs of LEGO models which may serve as challenge projects or 
idea starters for your students as they progress through the activities. 
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The remaining building cards are labeled with “1090” and a letter, A 
through E, and are similar in organization. (Building cards 1090 B and 

1090 C are included together 
in the same document.) 

Use building card 1090 A as 
an example to learn about the 
various parts. The front of 
the card is designed to be 
used as an introduction to a 
building project. Look at the 
photograph of a LEGO model 
built with the Technic Con¬ 
trol I set and the photograph of a corresponding device from real life. 
It is interesting to observe how the model and the actual device are alike 




and how they are different. How would you use the photographs to stimulate a student discussion? 


Page two of the building card contains a building element survey, indicating how many of each element 
is needed to build the model. The element survey was designed to help students and teachers organize 
for building and to help them determine that they have enough elements to complete the model. 



The remainder of the inside pages show step-by-step building instruc¬ 
tions, indicated by colored numbers. (On cards 1090 D and 1090 E, two 
different colored numbers are used to indicate the steps needed to build 
two subassemblies which are later joined together.) 

The final inside page provides an indication of ho w the project could be 
connected to the computer interface box. This is followed by a 
photograph of the model from a dif¬ 
ferent angle or a photograph of another 
model for which building instructions 
are not provided. 


1090 E Technic 


(I A- s you can see, the building cards 

could provide introductory building 
projects as well as opportunities for 
observations and discussions. Many 
teachers rely heavily on the building cards when working with students 
who do not have much previous building experience. 
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B-3. Student Activity Cards and Teacher Notes 

Each of the 40 technology activities in the TCI Resource Guide is organized according to a common 
format. The purpose of this section is to familiarize you with the features of this format so that you can 
find information you need quickly. 


The technology activities are organized into sets of ten and are contained in the four central sections of 
the binder at the tabs entitled 


In addition to ten technology activities, each section contains an introduction and a grid displaying 
concepts covered in the activities. 

Each technology activity consists of a student activity and teacher notes. The student activity is designed 
to be photocopied and distributed to students for their use. The student activity sets up a problem situation 
and provides suggested ideas for solving the problem. 

The teacher notes include more detailed building and programming ideas and suggestions for extensions. 
Teacher notes are not designed to be used as a student handout. 





H 


Production / Construction 
Production / Manufacturing 
Communication 
Transportation 


An annotated example of a student activity and accompanying teacher notes appears on the following 
pages. Study the example and note the location of the various types of icons and information. 


26 


Setting Up 




Sample Student Activity 
Example page 1 


Title- 


Illustration of 
problem situation- 


Text to establish— 
problem situation 


Space for students— 
to write down ideas 
for possible 
solutions 


HIM 

Start Card 


-IN a PINCH 





For Jody and Max, the job of taking each box off the belt and placing it in a large shipping carton was 
. tedious. If they could figure out how to do this automatically, they could attend to other matters and be 
out of the shop at a reasonable hour. 


H@<S 


W^\ 


Start Card or 
-Technology icon 


Page number 

Technology Icons 


UQ Production/ 
Construction 



Communication 



Production/ 

Manufacturing 


B 


Transportation 
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Sample Student Activity 
Example page 2 


Title 


Design brief with, 
solution 

requirements and 
criteria 

Ideas and tips for- 
designing and 
building the model 

Ideas, examples and" 
tips for writing the 
computer control 
program 


Start Card or 
Technology area 
icon- 


IN A PINCH 


PtEgD^M HOODIE IF 


Build a robot arm that picks up an object and places it at the same height, in any position within 360 
degrees of the starting place. 


®yoraNi(S DPtiM 


You can follow the step-by-step directions using the 1090 E card to build a robot arm. However, to 
achieve more precise movement with your robot arm, turn the counting wheel around so the 8 black/ 
8 white side of the counting wheel faces the optosensor. 


[p[R@(g[EAMMQIM<S OPHAI 


Create variables for the number of times you want the robot arm to repeat the pick and place motion and 
for the number of degrees you want the robot arm to turn. In your procedure, you can define variables 
when you define the procedure. For example, a procedure to pick and place something a variable number 
of times you could define as: 

to pickandplace :repetitions 
repeat repetitions [pick place] 
end 

When you are calibrating degrees to counts as described below, you can use the make command to create 
a variable for testing your calibration. Try it! 


make "degrees 45 
show :degrees 


4 Create a variable called degrees and set its value to 45 
4 Display the value of the variable degrees 


You will need to calibrate the number of counts on the counting wheel to the number of degrees the robot 
arm turns. First, make sure the 8 black/8 white side of the counting wheel faces the optosensor. Next, type 
listento 7 and resetc in the Command Center. Then, move your robot arm about 90 degrees using the 
talkto "b and on commands. Finally, type show counter. 

If 50 counts = 90 degrees, then 50 counts / 90 degrees = .556 counts per degree. 

If the motor moves 45 degrees, the motor will be on until counter=45 degrees * (50 counts) = 2250 = 25 counts. 

(90 degrees) 90 

Degrees cancel out of the equation, leaving counts. 

Try your result with commands to control the model: 

talkto "b on listento 7 resetc waituntil [counter > :degrees *.556] off 

Then write procedures to control your robot arm. 


Bdocta 


Page number 
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Sample Teacher Notes 
Example page 1 


Start Card or 
Technology area 


Building level" 


Beginning 


Intermediate 


Advanced 


Programming level 


Beginning 


Intermediate 


In a Pinch 


Objectives 


The student will know how to combine subproce- ' 
dures to form new procedures. The student will 
understand pick and place manufacturing operations. 


Description of JJte Problem 


B d from one manufacturing operation and moved over to another location on ' 
>peration must be repeated many times. 

step instructions for the robot arm on the building instructions labelled 1090 E. 
recise movement with the robot arm, students can turn around the counting wheel 
ices the optosensor. The length of the arm can be altered by changing an axle and 
ired. 


[Urra 






© m # # # i 




v / G 



Learning 
7 / objective for 
student 


x Problem to be 
solved 


. Suggested building 
approach 


Illustration of 
-possible building 
solution 


Port into which 
, LEGO® motor, light 
or sensor should be 
plugged 


Advanced 


Page number 


Start Card or 
. Technology area 


Start Card 




Technology Icons 


G Production/ 
fisfl Construction 


ml Communication 


Production/ 

Manufacturing 


Transportation 
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Sample Teacher Notes 
Example page 2 


Title 


Building level Programming level 


Sample procedures 


Super procedures— 
procedures that calL 
other procedures— 
are shown in capital 
letters 


All other 
procedures 
are shown 
in lower case letters 


Start Card or 
Technology area 
icon.__ 


In a Pinch 



Programming Ideas 


The solution below repeats the pick and place operation every 4 seconds, for a variable number of 
repetitions. The repetitions and degrees of rotation are determined by the user. To change the movement 
of the motor by time into specific degrees, the program uses the calibration factor .556 as explained on 
the student pages. 


TO PICKANDPLACE :REPETITIONS 
REPEAT :REPETITIONS 

[RESETT 
'TALKTO "B 
SETEVEN 
PICK :DEGREES 

WAIT 5 

CLOSE 

WAITS 

TALKTO "B 

SETODD 

PICK :DEGREES 

WAITS 

OPEN 

WAITS 

WAITUNTIL [TIMER > 40]] 

END 

to pick :degrees 
on 

, listento 7 
resetc 

waituntil [counter > :degrees * .556] 

off 

end 

to open 
talkto "a 
seteven 
onfor 1 
end 


DEGREES 

4 Repeat the list of commands in brackets the number of^ 
times specified by the user 
4 Reset the timer to 0 
4 Address the motor moving the arm 
4 Set its direction 

4 Rotate the arm the number of degrees specified by the 
user 

4 Pause for half a second 
4 Close the jaw 
4 Pause for half a second 
4 Address the motor moving the arm 
4 Reverse the motor 

4 Move the arm back to its original position 
4 Pause for half a second 
4 Open the jaw 
4 Pause for half a second 
4 Wait 4 seconds before repeating the operation 


4 Turn on the motor rotating the arm 
4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until the counter is greater than the number of degrees 
input by the user multiplied by the calibration factor 
4 Turn off the motor 


4 Address the jaw motor 

4 Set its direction 

4 Turn it on for 1 tenth of a second 


I 2_ 

Page number 


Bdocto 


Programming ideas 
which may be 
passed on to 
students as 
appropriate 


• Line-by-line 
explanation of 
procedures 
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Sample Teacher Notes 
Example page 3 


Background 

information on- 

related concepts 
and suggestions for 
extending the 
student activity 


Space for your own 
notes 


Building level Programming level 


Title 



to close 
talkto "a 
setodd 
onfor 1 
end 


4 Address the jaw motor 
4 Set its direction 
4 Turn it on for 1 tenth of a second 


Students may need to multiply :degrees by a different number. Students must calibrate the number of 
counts of the optosensor to the number of degrees they want the motor to move. See the example on the 
student page. 

Related Concepts and Extensions 

- If students move heavy objects with their robot arms they may need to add a counterweight to add stability. 


| Encourage the student to modify parts of the arm. How might they change the jaw to pick up delicate 
I objects? 

| Another suggestion f or modif ying the robot arm involves placing the drive motor in the center of the arm. 
| By doing this and using a third motor, two identical arms can be assembled on each end of the beam. 
i Both jaws can then operate simultaneously using one motor mounted in the center of the beam. Using 
a this system, twopickandplaceoperations could becarriedoutatthesametimebecausethesame machine 
I would be performing the work. Ideas that save time often mean saving manufacturers and customers 
I money. 

} Teacher Notes 



BdQcto 


Page number 


/Tech: 

icon 


Start Card or 
/Technology area 
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B-4. Start Cards 


Start Cards provide a working familiarization with the various operational components of 
-FTA the TCI system and are recommended as an introductory TCI unit. The cards introduce 
)i the LEGO® TC logo software and demonstrate simple programming concepts. The cards 
also present introductory activities which show how to connect and operate LEGO motors, lights and 
sensors. 


This section contains a Start Card Introduction and three different Start Cards. The Start Card 
Introduction provides a familiarization with the LEGO TC logo software, the interface box, and the 
LEGO components which connect to the interface box, and is recommended for students with no 
previous LEGO TC logo experience. The Start Card Introduction can be photocopied for student use. 

The three Start Card sets were designed to be used in sequence. Each Start Card includes both student 
pages and teacher pages, with a design similar to that of the technology activities. Start Card student 
pages contain a problem description and suggested ideas for solving the problem. The Start Card teacher 
pages include more detailed building and programming ideas and suggestions for extensions. Here is 
a general description of the main concept emphasized by each Start Card. 


Start Card Activity 


Main Concept 


1. Warning Lights 

2. Stop and Go 

3. Sensational Wash 


Program control of lights 
Program control of motors 
Program operation with sensors 


As with technology activities, the Start Cards can be photocopied for student use. 

Students should be familiar with all of the detailed LEGO TC logo commands and concepts introduced 
in the Start Cards before beginning the technology activities. These detailed commands and concepts 
are displayed in a grid on the following page. 


If you are not familiar with the operational components of the TCI system, you may wish to use the Start 
Cards as your own tutorial. 


Note: For activities beyond the Start Card Introduction, users will not be explicitly instructed to press 
Return or Enter. However, all commands typed into the Command Center should be followed by 
pressing Return or Enter. 
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. Start Cards 

LEGO® TC logo 

Commands and Concepts . 

1. Warning 

Lights 

2. Stop 
and Go 

3. Sensational 
Wash 

Addressing input ports 6 and 7 (listento 6,7) 



S/T 

Addressing output ports 0-5 (talkto 0-5) 

S/T 


S/T 

Addressing output ports A-C (talkto A,B,C) 


S/T 

S/T 

Addressing more than one port 

S/T 

T 


Flashing lights (flash) 

T 



Moving between Command and Procedure Centers 


S/T 

S/T 

Naming and saving pages 


S/T 

S/T 

Recursive Procedures 



T 

Repeating a list of commands 

S/T 

S/T 

T 

Reversing a motor's direction (rd) 


S/T 

S/T 

Setting power level (setpower) 


T 


Turning on, turning off output (on, off, alloff) 


S/T 

S/T 

Turning on output for a specific time (onfor) 

S/T 

S/T 

S/T 

Writing Procedures (to, end) 

T 

S/T 

S/T 

Waiting (wait) 

S/T 


S/T 

Waiting until sensor changes state (waituntil, sensor?) 



S/T 


S/T Concepts and relevant commands are shown on both the student and teacher pages 

T Concepts and relevant commands are shown as a supplement on the teacher pages 
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Before working through any of the Start Cards, it is important to be familiar with the LEGO® TC logo 
software, the interface box, and some of the LEGO components which connect to the interface box. 

Set up your TCI system. Each TCI system should have: 

• a computer with a LEGO interface card installed 

• a LEGO interface box connected to the computer 

• one or two TCI (item 1090) building sets 

• one LEGO TC logo user disk 

You may also wish to refer to the LEGO TC logo Reference Guide and the LEGO TC logo Quick 
Reference Guide (optional). 

LEGO TC logo Software 

1. Load the LEGO TC logo software by inserting your user disk into the drive, closing the drive door, 
and turning on your computer. (MS-DOS users with LEGO TC logo installed on a hard drive should start 
the computer, go to the tclogo directory, type tclogo, and press Enter.) 


/nnnn nn ppp\ 


C3H3330C3) CTC3J _ w 

C3CJC3H33] CJC3 Uro 

<333 <331 CJ <331 331 £331 C3133 

C3P £331 <331 <33> <333 <333 <33>C33> 

£333 £333 <331 <333 <331 <333 C333£333C33> 

LEGO® TC logo 


LEGO Systems, Inc. Logo Computer Systems Inc. 
£ Logo ComputerSystems Inc. 1988 
Press Return 



2. When the title screen appears on your monitor, press Return or Enter. 
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. Contents- 


Use up and down arrows to choose a 
page and press Return 

I NEW PAGE 

TURTLE 


The LEGO® TC logo files are called “pages.” The first page you see is the Contents page. 

The square blinking light is called the cursor. You can move the cursor by pressing the T and i keys. 
Move the cursor up and down a few times. 

3. From the Contents page, select NEW PAGE by moving the cursor to NEW PAGE and pressing 

Return or Enter. 


Command Center 



Your cursor appears in the area at the bottom of the screen, called the Command Center. This is where 
you will type instructions to the computer. 

4. (Optional) Become familiar with the organization of a page. 

Like a sheet of paper, each page (or LEGO TC logo file) has two “sides.” One side is used for writing 
LEGO TC logo procedures to operate lights, motors and sensors. The other side is used for writing other 
text or drawing graphics. The area of the computer screen immediately above the Command Center 
shows a portion of one side. The side presently on your computer screen is the procedure side, or 
Procedure Center, as shown below. The thick solid bars at the top indicate the Procedure Center. 
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Procedure Center 



Flip to the other side of the page by holding down the Ci (Apple) or Ctrl (MS-DOS) key and pressing F. 



The side now shown on your computer screen is the turtle side, as indicated by the line of dashes at the 
top and the turtle in the middle. The LEGO® TC logo screen turtle responds to many Logo computer 
language commands. 

Chapters three and four of the LEGO TC logo Reference Guide and parts of the How To section contain 
more detailed information about the LEGO TC logo pages. 

Flip back to the Procedure Center by holding down the 6 (Apple) or Ctrl (MS-DOS) key and pressing 
F once more. 

Bring your cursor down to the Command Center by holding down the Ci (Apple) or Ctrl (MS-DOS) key 
and pressing D. 
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LEGO® Interface Box and Components 

1. Examine the LEGO interface box. The interface box should be connected to the computer by a ribbon 
cable. The cable from the transformer should be plugged into the interface box. The transformer should 
be plugged into an electrical power outlet. The red light near the large red button on the interface box 
should be glowing, indicating that electrical power is being supplied properly. 

2. The top surface of the interface box contains three functional areas and a stop button. The three 
functional areas include the test port, the output ports and the input ports. Identify these areas on your 
interface box from the illustration below. 


Input Output Test 

Ports Ports Ports 



Stop Button 


Using Output Ports 

3. From your TCI building set, take a yellow light brick and a wire. Plug one end of the wire into the 
light brick. Plug the other end of the wire into the test port, located above the large red button on the 
interface box, to make the light turn on. 

The test port provides electrical power for convenient testing of lights and motors in LEGO model s. The 
test port has no on/off switch and cannot be controlled by the computer. 

4. Unplug the wire from the test port and plug it into port 0. (The holes for port 0 are just to the left of 
the test port.) The yellow light brick does not turn on. This is because port 0 and the other outlet ports 
are controlled by the computer. 

To turn on the yellow light brick with the computer, you must first tell the computer where the light is 
connected. This enables the computer to “talk to” the light. With the cursor in the Command Center, 
type the following line exactly as shown, including spaces, and press Return or Enter. (Use the number 
0 and not the letter O for the last item in the line.) 

talkto 0 
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You must also send a command to the computer to turn the light on. Type the following and press 

Return or Enter. 


on 

Now your yellow light brick turns on. Notice that the small red light next to the port 0 label on the 
interface box also turns on, indicating that electricity is being provided to port 0. 

The talkto 0 command told the computer the light was plugged into port 0. The on command told the 
computer to send electricity wherever it was “talking to,” in this case to port 0. 

Now type the following and press Return or Enter. 

off 

Your light and the red port 0 light turn off. 

Experiment with the onfor command. For example, onfor 30 turns your light on for 3 seconds. Try it. 

Motors and lights are output devices. They react when instructed to do so by the computer. Motors and 
lights must be connected to the output ports on the interface box. The white lines drawn on the surface 
of the interface box from the computer cable to the output ports suggest that electricity for the motors 
and lights is supplied to the output ports. 

The output ports for lights are numbered 0 through 5 on the interface box. Up to six lights can be 
controlled by the TCI system. 

Output ports A, B, and C, located between pairs of the numbered output ports, are generally used for 
motors. The electricity supplied to the motor ports can be reversed in polarity, making it possible to 
control the direction of motor rotation. Up to three motors can be controlled by the TCI system. 

Using the Stop Button 

5. Use the computer to turn on the light plugged into port 0 once more. Then press down firmly on the large 
red stop button on the interface box so that it locks in the down position. The yellow light brick is turned off. 

Press the red stop button once more so that it pops up. The light is turned back on. 

The function of the stop button is indicated by the white lines drawn on the surface of the interface box 
from the computer cable to the output ports. All of these lines go through the stop button area. The stop 
button interrupts all electricity to all output ports when it is pressed down. This provides a quick and 
direct method to turn off all motors and lights in a model when necessary. Electrical power is restored 
by pushing the stop button once more so that it pops up. 

Troubleshooting tip: When LEGO motors and lights in future activities do not operate in response to 
computer commands, it may mean that the stop button is in the down position. Make sure the stop button 
is in the up position before typing computer commands for motors and lights. 
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Using the Input Ports 

6. From your TCI building set, take a black optosensor brick and a wire. Plug one end of the wire into 
the opening on the top of the optosensor brick. Plug the other end of the wire into port 6. 

With your finger, repeatedly cover and uncover the small oval opening next to the large axle hole on the 
side of the optosensor brick. The optosensor, located in the small oval opening, detects sharp changes 
in light intensity. Notice that the green light next to port 6 on the interface box blinks on and off in 
response to your finger movement. 

Optosensor f eedback can be used in many ways to control lights and motors. For example, the optosensor 
could function as a simple switch. Make sure your yellow light brick is still plugged into port 0 and is 
turned off. Arrange the light falling on your optosensor so that the green light at port 6 on the interface 
box is off. 

In the same way you used the talkto command to tell the computer where a light was connected, you 
have to tell the computer where a sensor is connected. This enables the computer to “listen to” the sensor. 
With the cursor in the Command Center, type the following line exactly as shown, including spaces, and 
press Return or Enter. 

listento 6 

Now you can use the information from the sensor to control the light. Make sure the green light at port 
6 on the interface box is still off. Type the following line exactly as shown, including spaces, and press 
Return or Enter. Be sure to use the square brackets [ ] and not the curly brackets { }. 

waituntil [sensor?] talkto 0 onfor 30 

The computer has been told to “wait until” the sensor sends a message, and then to turn on the light 
connected to port 0. Nothing happens until you change the light reaching the optosensor. Then the green 
light at port 6 comes on, indicating that the optosensor has been activated, and the light connected to port 
0 is turned on for 3 seconds. 

The white lines drawn on the surface of the interface box from input ports 6 and 7 to the computer cable 
suggest that the sensors send information to the computer. The TCI system can work with up to two 
optosensors. (Touch sensors, available separately, can also be used with the TCI system.) 
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Chapter 1 of the LEGO® TC logo Reference Guide contains additional information about the interface 
box. Pages 16 through 19 in the LEGO TC logo Reference Guide contain more detailed information 
about the optosensors. 

7. Unplug the yellow light brick and optosensor from your interface box and replace all components in 
the TCI building set storage tray. 

Now that you are familiar with the LEGO TC logo software, the interface box, and some of the LEGO 
components which connect to the interface box, you are ready for the Start Cards. 
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WARNING LIGHTS- 

[MDHIF 

Build and program lights to stop the traffic and allow time for the students to cross the street. After trying 
the Programming Ideas, write a series of commands so your lights flash in a pattern. One light's pattern 
should be to stop traffic and the other should indicate to pedestrians that they can cross the street. 

Build two warning lights: one to control the cars, the other to indicate that it is safe for the student 
pedestrians to cross. Connect your lights to output ports 0 and 1 on the interface box. 

After connecting the lights to the interface box, you can program them to turn on and off in different 
patterns using some of the commands described below. Type the commands in the Command Center to 
see what they do. 



talkto 0 
talkto 1 
talkto [01] 


off 

onfor 10 

talkto 0 on 
off 


talkto 0 on wait 10 off 
talkto 0 onfor 10 


4 Talkto addresses the output ports (0-5) 

4 To address more than one port at the same time, put the 
port numbers inside square brackets separated by a space 

4 Turn on the lights the computer is “talking to” 

4 Turn off the lights the computer is “talking to” 

4 Turn on the lights for 1 second. You can use numbers up 
to 9999 (999.9 seconds) as input 
4 Turn on the light in port 0 

4 Turn off the light in port 0. LEGO® TC logo continues to 
address port 0 until you address a different port, so you do 
not need to type talkto 0 again 
4 Here are two different methods for turning on the 
light in port 0 for 1 second, then turning it off 
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talkto [0 1] onfor 35 4 Address both lights and turn them on for 3 and a half 

seconds 

talkto 0 onfor 20 talkto 1 onfor 5 4 Turn on the light in port 0 for 2 seconds, then turn on the 

light in port 1 for half a second 

repeat 2 [talkto 1 onfor 50 4 Repeat two times a series of commands that do the 

talkto 0 onfor 5] following: address the light in port 1, turn it on for 5 seconds; 

address the light in port 0, turn it on for a half second 

You can repeat a list of commands up to 9999 times. 


All off turns off all of the lights and resets the interface box so that no ports are addressed (“talked to”). 



Warning T Jghts 



Objectives 

The student will be able to use the primitives talkto, 
on, off, onfor and repeat. 


Description of the Problem 

Students need to build “warning lights” using two light bricks and the grey LEGO® wires to connect the 
lights to separate output ports on the interface box. Then students must program the lights so that one is 
on while the other is off. 


Building Ideas 

Since the lights must flash alternately, students should connect the warning lights to separate output ports. 




Programming Ideas 

Using the following sequence in the Command Center, the light in port 1 is turned on while the light in 
port 0 flashes 5 times. Then the light in port 0 remains on while the light in port 1 flashes 5 times. The 
flashing rates of the lights are different because the time inputs to the onfor and wait commands are 
different. 

talkto 1 on repeat 5 [talkto 0 onfor 10 wait 2] talkto 0 on repeat 5 [talkto 1 onfor 5 wait 5] 
talkto 0 off 


If students continue typing commands on a single line, the computer will automatically wrap them to the 
next line if necessary. Commands written in the Command Center cannot be saved to a disk. In order 
to save a sequence of commands, students must write a procedure. Writing procedures is introduced in 
the Stop and Go Start Card. If students do wish to try procedures for the Warning Lights activity, a 
summary is offered on the next page. 
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Warning Lights 



Students can write procedures to control the lights. Procedures are written in the Procedure Center (the 
upper part of the screen). Hold down the 6 key (Apple) or Ctrl key (MS-DOS) and press the U key to 
move up to the Procedure Center. Procedures must start with to and end with the word end on a line 
by itself. 



Whenever your students write procedures they must learn to save their pages (files) to a disk or they will 
lose all of their work. Before they can save a page, students must first name it by typing namepage 
,l warning(ornp ,l warning) in the Command Center. Page names otherthan warningmay be used.Then 
to save the page to their LEGO®TC logo disk, students simply press the Escape (Esc) key. 

Related Concepts and Extensions 

For more information, read the following parts in the How To section: 

How To... 

.. .Write Procedures 
.. .Make Recursive Procedures 
...Control Lights 

Flash is a fun command to learn and use with models like the warning lights. Flash requires two inputs: 
an amount of time the light should stay on and an amount of time the light should stay off between flashes. 
You can only use flash with numbered ports. 

Try talkto 0 flash 5 5 talkto 1 flash 10 5 in the Command Center. You can stop the flashing using 

off, wait, on, onfor or alloff. 

Teacher Notes 
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STOP AND CO 


[BPDE1F 

Build a motorized car. Then write a program that makes the car move forward, reverse, move 
backward and stop. 

[MJJO HIM INKS DPUM 

You can build a motorized car that uses belt drive (a rubber band connecting the motor to an axle). 
You can also connect the motor and axle of your car using gears and chain links. 

lPP®(S[M^^DP](g 0PiA§ 

You can use talkto to address the ports for the motors as well as the lights. Motors can be plugged into 
the numbered ports, but the direction of rotation can be controlled only if motors are plugged into lettered 
ports. Lettered ports use both of the numbered ports adjacent to them. For example, port A uses port 0 
for one direction and port 1 for the other direction. 

Try the following commands in the Command Center. (The Command Center is the lower part of your 
screen—use (3-D or Ctrl-D to activate the cursor in the Command Center.) 


talkto "a 
onfor 10 
rd 

onfor 20 
rd 

onfor 5 

repeat 2 [talkto "a onfor 10 rd] 


4 You need a quote in front of a lettered port 
4 Turn on the motor in port A for one second 
4 Reverse the motor’s direction 
4 Turn on the motor for two seconds 
4 Reverse the motor’s direction again 
4 Turn on the motor for half a second 
4 Repeat the list of commands in the brackets twice 


Try other inputs with onfor and repeat. 

Y ou have learned several important commands f or controlling your motors. But what if you w ant to store 
your sequence of commands and use them tomorrow? To save your sequence of commands on a disk, 
you need to write a procedure. 

In order to write a procedure, you must type commands in the Procedure Center—the upper portion of 
your screen. To activate the cursor in the Procedure Center, hold the (3 key down if you are using an Apple 
computer, or hold the Control key (Ctrl) down if you are using an MS-DOS computer, then press the 
U key. 


2 


Qdocta 



LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 


STOP AND CO 


A procedure must start with the word to and the name you wish to call it. A procedure must end with 
the word end on a line by itself. In between you type your sequence of commands. Try it! Here is an 
example of a procedure named car. 



4 Move up to the Procedure Center to write your own proce¬ 
dures 

4 Move down to the Command Center to run your procedures 

In order to run your procedure, move to the Command Center by holding down the 6 or Ctrl key and 
pressing the D key. Then type the name of your procedure. 

In order to save your procedure onto a disk, you need to learn two more functions. First, you must name 
the page you are on. Do that by typing namepage "stopgo in the Command Center. Np is the short 
form for namepage. 

Now that you have named your page, you can save it by pressing the Escape (Esc) key. 

After pressing Esc, you should see the name of your page on the Contents of your disk. Your procedure 
is saved as part of the stopgo page. You can store many procedures on the same page. 



6 U or Ctrl-U 
6-D or Ctrl-D 



Stop and Go 

Objectives 

The student will write a procedure to control a 
motorized machine and save the procedure 
onto a disk. 


Description of the Problem 

Students must build a one-motor vehicle. Then they can write a procedure to turn on the car for a specific 
time, reverse its direction and turn it off. 



Building Ideas 

Students can build a motorized vehicle using a belt drive system or a gear and chain link system. 



Programming Ideas 

If a lettered port does not have a quote in front of it in a talkto command, LEGO® TC logo thinks the 
letter is the name of a procedure and will display the error message I don’t know how to (letter). 

If students want to control two vehicles at the same time, they can plug one vehicle’s motor into port A 
and the other into port B. Then they can use talkto [a b] to address the ports. 

Repeat can execute a series of commands contained in square brackets up to 9999 times. If students want 
the procedure to continue indefinitely, they can write a recursive procedure, such as car2. 



Stop and Go 

to car2 


talkto "a 

4 Address the motor in port A 

onfor 10 

4 Turn it on for 1 second 

rd 

4 Reverse the direction of the motor 

car2 

4 This line makes the procedure recursive 

end 




To stop a recursive procedure press 6 or Ctrl and then S. If the motor remains on, type ao to turn off 
everything and reset the interface box. See How To Make Recursive Procedures in the How To section 
for more information. 

A procedure is a program. In LEGO® TC logo, primitive procedures (also just called primitives) are 
procedures that the computer “knows” already—like talkto, on and onfor. 

Related Concepts and Extensions 

As a challenge for students, you can introduce the setpower command. Setpower can be used to 
control the speed of the motor or the intensity of a light. Setpower requires a number input from 1 to 
7. The highest power is 7—that is the default (automatic) value of setpower when the LEGO TC logo 
software boots. 


Here is a procedure that turns on the vehicle’s motor at the lowest power, reverses its direction and 
increases its power to a medium level. 


to speed 

talkto "a 4 

setpower 1 4 

onfor 20 4 

rd 4 

setpower 4 4 

onfor 10 4 

end 


Address the motor 

Set its power to the lowest level 

Turn it on for 2 seconds 

Reverse its direction 

Increase the power to a medium level 

Turn on the motor for 1 second 


Teacher Notes 
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SENSATIONAL WASH 
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The washing machine is not starting reliably or timing the cycles properly, so all of the clothes are 
coming out dirty. Nina and Mike need to fix the starting switch and the timing for the wash and spin 
cycles. 
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SENSATIONAL WASH- 

PH§Q(SIM] EBD^DtltF 

Build a washing machine and program it so that it does a wash cycle (back and forth) then a spin cycle 
(one direction). A light should indicate which cycle the washer is currently doing. Use an on switch 
to run the wash and spin cycles in sequence. 



Step-by-step instructions for building a washing machine are shown in the building instructions labelled 
1090 C. Connect the washing machine to the LEGO® TC logo interface box as shown on the last page 
of these building instructions. 

[M©<S1AMM0^ DP(iA§ 

If you do not remember how to turn on the lights and motors or how to write procedures, review the 
Warning Lights and Stop and Go Start Cards. Important commands are talkto, on, onfor, off, alloff, 
rd, repeat and wait. To write a procedure, you must move to the Procedure Center by typing ©-U or 
Ctrl-U. Every procedure must start with to and a procedure name, and end with end on a line by itself. 
To run a procedure, you must move down to the Command Center (©-D or Ctrl-D) and type the 
procedure name. 

PDWHIIM §©kV0M<S §TOAT[E<£Y 

Before starting to program, break the problem down into smaller tasks. Then you can write 
subprocedures (separate procedures) for each of the different functions: 

• creating a wash cycle procedure (back and forth motion); an indicator light is on when the wash 
cycle is running 

• creating a spin cycle procedure (one-directional motion); a different indicator light is on when 
the spin cycle is running 

• writing a superprocedure (a procedure that executes the subprocedures) that runs the wash and 
spin cycle in sequence 

• starting the superprocedure with an on switch 

The first two parts you can accomplish with the commands you learned from the Warning Lights and 
Stop and Go Start Cards. Try writing your wash and spin subprocedures now. 

CMATOfN)^ A gW[E[E^©(£[EPy[&[E 

A superprocedure is a procedure that combines various subprocedures into a meaningful sequence. For 
example, if you have two subprocedures wash and spin, you can combine them into a larger procedure: 

to laundry 

wash 4 Run the wash subprocedure 

spin 4 Run the spin subprocedure 

end 
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If you wanted a pause between the two subprocedures, you could add a wait command in between: 

to laundry 
wash 
wait 5 
spin 
end 

Create your own superprocedure that includes your wash cycle and spin cycle subprocedures. 

When you have finished your superprocedure, you have completed three out of the four programming 
parts in the Design Brief. In order to meet the specifications for the fourth part, you need to use the 
optosensors. To control the optosensors you need to learn some additional commands: listento, 
sensor? and waituntil. 

(ygDIM^TInHl ©IFir©gdNl§©[E§ 

The optosensors are connected to input ports 6 and 7. Inside the optosensors are light receivers that 
evaluate changes in the surrounding light levels. Optosensors are either false (seeing light) or true 
(seeing dark). To use the optosensor, first connect the optosensor on top of the washing machine to port 
6; then move your hand or move the yellow plate back and forth in front of it and watch the green indicator 
light under port 6. The green light turns on when the optosensor attached is in a true state (seeing dark) 
and off when it is in a false state (seeing light). 

Next, type listento 6 Show sensor? in the Command Center. The computer displays the current state 
of the sensor (either true or false) in the Command Center. 



Listento addresses the input ports. For example to “listen to” the optosensor in port 6 you type listento 
6. You can listen to both sensors at the same time by typing listento [6 7], 


4 Run the wash subprocedure 
4 Pause for half a second 
4 Run the spin subprocedure 
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Sensor? reports the current state of the sensor (or sensors) that are addressed by the listento command. 
Sensor? reports to the computer, not to the computer screen. In order to display the state of the sensor 
on the computer screen, you must type show sensor?. 

Can you make the optosensor show false then true? 

§WDTCC^D(H]^ ©INI 

You can use the optosensor as a switch to turn on a motor. Make sure your washing machine motor is 
connected to output port A of the interface box. Then try the following in the Command Center: 

listento 6 waituntil [sensor?] talkto "a onfor 40 

When the current state of the optosensor in port 6 is true, the motor turns on for 4 seconds. Watch the 
green indicator light under port 6 carefully to note the state of the sensor. 

Now you can complete the fourth part of the design brief. Write another subprocedure that uses the 
optosensor as a switch to start the sequence of subprocedures. Add your new subprocedure to your 
superprocedure. Don’tforgettonameyourpage (Example: np "washspin) and press Esc to save it onto 
your disk. 


to laundry 
wash 
wait 5 
spin 
end 


washspin 


np "washspin 
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Sensational Wash 


Objectives 

The student will make a problem manageable by 
breaking it down into smaller steps and writing 
subprocedures. Students will learn to use the 
optosensors and the primitives listento, sensor? 
and waituntil to provide feedback. 




Description of the Problem 

The washing machine on the building instructions labelled 1090 C must be built and then programmed 
to run. The program should include four features: a subprocedure for the wash cycle, a subprocedure for 
the spin cycle, a superprocedure including all subprocedures and an on switch subprocedure for starting 
the whole laundry cycle. 

Building Ideas 

If students are unfamiliar with the building instructions, explain the layout to them as described in part 
B-2 Building Cards in the Setting Up section. 

The yellow plate slides back and forth to change the state of the optosensor. 
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Sensational Wash 


Programming Ideas 

Although the programming code for all these actions could go into the same procedure, writing separate 
procedures (subprocedures) reinforces a problem-solving strategy: breaking a larger problem into 
smaller parts. Also, if students have “bugs” or errors in their procedures, using this approach makes 
locating and fixing the bug easier. Computer scientists call this approach modular programming because 
each procedure is a module which can be added, like a building block, to another procedure. 

It is okay to put two actions into one procedure as long as they logically “belong together.” For example, 
commands for the wash cycle and the wash light actions could be the same procedure. Students should 
test each subprocedure before going on to the next step. 

Optosensors can be initialized to report true when seeing light and false when seeing dark. For more 
information about optosensors, see How To Use The Optosensor in the How To section of th z Resource 
Guide and Chapter 2 of the LEGO® TC logo Reference Guide. 

Here is one possible solution to the Design Brief. This program is controlled by the superprocedure 
LAUNDRY. It calls the subprocedures on.button, wash, and spin. 

Throughout the Resource Guide superprocedures (the main procedure that calls other procedures) will 
be shown in capital letters. All other procedures will be shown in lower case letters. Students are not 
required to type the procedures in upper and lower case as shown. However, if they do it may help them 
remember which is the main procedure and, therefore, which procedure name they should type in the 
Command Center. 

TO LAUNDRY 
ON.BUTTON 
WASH 
WAIT 5 
SPIN 
END 

to on.button 
listento 6 

waituntil [sensor?] 
end 

to wash 
talkto 3 
on 

talkto "a 

repeat 20 [onfor 5 rd] 

alloff 
end 


4 Wait for someone to activate the optosensor 
4 Run the wash cycle 
4 Pause for half a second 
4 Run the spin cycle 


4 Address the optosensor 
4 Wait until it is activated by the user 


4 Address one of the indicator lights 
4 Turn it on 
4 Address the motor 

4 Turn on the motor for half a second then reverse its 
direction; repeat this 20 times 
4 Turn off everything 
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Sensational Wash 


to spin 


talkto 4 

4 Address the other indicator light 

on 

4 Turn it on 

talkto "a 

4 Address the motor 

onfor 70 

4 Turn it on for 7 seconds 

alloff 

4 Turn off everything 

end 



Look at How To Control Lights and How To Control Motors in the How To section for further ideas. 

Related Concepts and Extensions 

Many washing machines have a mechanism that makes sure the door or lid is closed before turning on. 
Students can use the optosensor in port 7 as a door checking device and add a subprocedure to their 
LAUNDRY superprocedure. 

TO LAUNDRY 

DOOR.CLOSED 

ON.BUTTON 

WASH 

WAITS 

SPIN 

END 

to door.closed 4 This is the new subprocedure 

listento 7 4 Address the optosensor 

waituntil [sensor?] 4 Wait until it is activated by the door 

end 

Students may wonder why sensor? needs a question mark and other primitives do not. Sensor? is 
a reporter primitive. A reporter tells the computer some information—a word or a number or the state 
of something. Sensor? is a special reporter that tells the computer whether a sensor is true or false. All 
reporters that report a true or false response have a question mark at the end. 

For safety reasons, many washing machines turn off if the door is opened. Modify your program to do 
this. Remember that when you close the door again, the wash should not start from the beginning. It 
should start from where it left off. 

Teacher Notes 
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he purposes of this Technic Control I Resource Guide section are to: 

■ Provide additional information related to technology education 

■ Introduce a problem solving model 

■ Provide systems background information 


You should read through this section after following the guidelines in the first section for setting up your 
materials and preparing for instruction. 


Introduction.3 

Computers—The New Technology.4 

What is LEGO® TC logo?.4 

Hands-On Activities for Problem Solving.6 

The Role of the Teacher.6 

Student Assessment.8 

Questions and Answers.10 

Approaches to Problem Solving.11 

Resources.13 

Systems.14 

Technology and Environmental Impacts.19 
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Introduction 

Technology can be characterized as our attempt to manipulate the environment to achieve desirable 
goals. We do this by finding ways to apply scientific principles to accomplish useful tasks and produce 
necessary goods and services while taking into account the resulting impact on our environment. So, 
technology involves the process of problem solving in our living world. 


The use of technology to solve problems has resulted in dramatic changes in our lives, especially during 
the last century. Recent technological developments have revolutionized our transportation and 
communication methods, and have greatly streamlined our construction and production processes. 
Throughout each day, our lives are touched in countless ways by technology. Unfortunately, 
technological developments have also made impacts on our environment which pose additional 
problems, such as pollution from automobile exhaust. 


Because of the increased use of technology in solving problems, technology education is a critical component 
of today’s world. Nations considered to be world trade powers place a high value on technology, its processes, 
applications and impacts, and stress the importance of learning about technology. 

This means that technology education has a major role to play in preparing students for the professional 
opportunities in technology which will become available in the years to come. General technology 
education can provide students with knowledge that will benefit them in any future job, whether skilled 
or unskilled. Specialized technology education can prepare students for work in particular fields. As 
a technology education teacher, you have a special role to play. 


Technology education brings together knowledge gained from other disciplines, such as science and 
mathematics, as the basis for studying systems in the areas of: 



Production / Construction 
Production / Manufacturing 
Communication 
Transportation 


A fifth area, biologically-related technology, is of increasing interest. 


Formalized problem solving activities in these four areas form the foundation of technology education. 
Technology students learn to analyze the inputs, processes and outputs of systems and the resulting 
impacts on our environment. 


In order for technology education to be effective, however, it must focus on the future. What technology 
education students learn must still be relevant when they enter the job market. This means that technology 
education must include the most recent advances. To do otherwise would be to invite obsolescence. 
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Computers—The New Technology 

One of the characteristics of technology is how quickly it can change. This means that technology 
education must teach for tomorrow using tools and equipment which did not exist a few short years ago. 

Computer control is an example of a recent development which will influence technology for years to 
come. Computer controlled robotic machines have resulted in new approaches to manufacturing, 
including computer-aided manufacturing (CAM) and flexible manufacturing, in which computer control 
of resources makes possible the fabrication of small lots conforming to special requirements. 

Computers have also been used with scale models and simulation programs, resulting in more efficient 
designing and planning processes. This has created more economical and improved products for today ’ s 
competitive international marketplace. 

For the foreseeable future, computers will continue in their significant technological roles. Today’s 
technology education curriculum must include computers as a maj or component in order to train students 
for tomorrow’s jobs. 

What Is LEGO TC logo? 

All of the student activities in the TCI Resource Guide include the use of LEGO TC logo, a multi-functional 
version of a procedural computer language similar to computer languages used in industry and manufacturing. 
Y ou have already explored some aspects of LEGO TC logo in the Start Cards and will learn even more as you 
and your students work through the sets of activity cards in the technology areas. These remarks are designed 
as a general overview of LEGO TC logo from a technology education perspective. 

LEGO TC logo enables students to control motors and lights and to monitor sensors in models built with 
LEGO® elements. LEGO TC logo can count and time events as they occur, and can also be used for 
writing reports and generating graphics. The How To section of the TCI Resource Guide contains 
detailed information on using these features. 

One of the most powerful features of LEGO TC logo is its use of procedures (short programs). With 
procedures, it is possible to break computer control tasks into small simple subtasks. These subtasks can 
then be organized to accomplish the task, because the names of LEGO TC logo procedures can be used 
as commands in other procedures. Here is an example of how a student might use this feature effectively. 

A student wants to program a LEGO robot arm model to turn to a certain position and open its gripper 
in preparation for grasping. Typically, the model includes one motor for turning and another motor for 
operating the gripper. The student might first figure out how to use the first motor (plugged into port B, 
for example) to turn the arm to the desired position. Here is a typical procedure to do that. The student 
has selected “turn” as the procedure name. 
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4 Address the motor plugged into port B 
4 Set the direction of the motor’s rotation 
4 Turn on the motor for 4 seconds 


to turn 
talkto "b 
setodd 
onfor 40 
end 

Next, the student might write a release procedure to open the gripper on the robot arm with the second 
motor (perhaps plugged into port A). 

to release 
talkto "a 
seteven 
onfor 10 
end 

Since procedure names can be used as commands, the student might write a third procedure to control 
both the turning of the arm and the opening of the gripper. 

TO MOVE 

TURN 4 Run the turn subprocedure to rotate the arm 

RELEASE 4 Run the release subprocedure to open the 

END robot arm ’ s gripper 

By typing MOVE, the student tells the computer to run the turn instructions and then the release 
instructions. Since these instructions are organized into procedures and subprocedures, they can be 
easily modified by the student and used in many different ways. Similar procedures can instruct the 
computer to “listen to” optosensors and have the model perform certain actions in response. The MOVE 
procedure does not need to be typed in capital letters. However, throughout the Resource Guide 
superprocedures, procedures that use other procedures, are shown in capital letters and subprocedures 
are shown in small letters. 

LEGO® TC logo also can count the number of times certain events happen and measure how long these 
events occur. For example, one of the LEGO TC logo counters could be used by a student interested in 
knowing how many times a light beam is interrupted or how many sectors of a counting wheel have 
turned past an optosensor. LEGO TC logo timers can report the time period between two events, such 
as the elapsed time between light beam interruptions. Information from the counters and timers can be 
incorporated into LEGO TC logo procedures for additional computer control of models. For information 
about the commands for using the counters and timers, see pages 4 and 5 of the LEGO TC logo Quick 
Reference Guide. 

LEGO TC logo can also function as an electronic notebook for students. They can write reports or 
maintain idea logs andjoumals. In addition, they can use the LEGO TC logo graphics capabilities to draw 
diagrams and make charts. For information about the commands and special words for text editing and 
graphics, refer to the lists on page 108 of the LEGO TC logo Reference Guide. Pages 27 and 28 contain 
additional information about special keys for word processing. See also the How To Use Turtle Graphics 


4 Address the motor plugged into port A 
4 Set the direction of the motor’s rotation 
4 Turn on the motor for 1 second 
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and How To Use Word Processing sections in the How To section of the Resource Guide. 

By using LEGO® TC logo, students can learn important concepts related to computer control. But this 
is not sufficient in itself. The most beneficial learning takes place when students apply what they have 
learned about computer control to a hands-on problem situation which they are committed to solve. 

Hands-On Activities for Problem Solving 

Formalized problem solving activities are the foundation of technology education. This is why hands- 
on problem solving activities make up the core of the TCI Resource Guide. With the TCI Resource Guide 
activities and LEGO® building materials, your students can learn about technology while they practice 
hands-on problem solving and cooperative group work. 

There are several advantages to a hands-on problem solving approach. First, hands-on problem solving 
activities give students a better understanding of process. Through the problems, they come into personal 
contact with the problem solving process, the design process and the scientific investigation process. 
This provides technology education teachers with the opportunity to emphasize these processes more 
effectively. 

A second advantage of hands-on activities is that they provide the all-important context and motivation 
for problem solving. Students come into contact with new ideas as a natural part of an activity that they 
find interesting and meaningful. As a result, students are more likely to learn from their problem solving 
experiences. 

Third, hands-on activities provide many flexible approaches so students with different learning styles 
can be accommodated. Students who are tactile learners can work effectively alongside visual learners 
in a cooperative environment. 

You can capitalize on these advantages with activities from the TCI Resource Guide. To be most ef¬ 
fective, however, you may wish to review several possible roles you could play in the hands-on problem 
solving environment. 

The Role of the Teacher 

A visitor to a TCI classroom would know immediately that it is activity-centered. The whole classroom 
resembles an enthusiastic workshop. Groups of students are working together on problem solving activities. 
Some are reading activity cards to learn more about a problem situation. Others are building prototype LEGO 
models and testing their performance. Still others are involved with computer programming. Following an 
animated discussion, one group decides to dismantle part of their model and build it another way. From their 
modification, another group is inspired to apply the solution to their own problem, but in a different way. 
Building, testing, programming, discussing, changing, interacting are all taking place at once. A sense of 
excitement and a zeal for learning has spread throughout the classroom. 

But where is the teacher? What is the teacher doing? 
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The technology education teacher in this classroom has learned the importance of giving students the 
opportunity to explore and discover on their own, while still providing some underlying structure. At any 
point, this teacher may be acting in the role of a catalyst, a discussion leader, an observer, a consultant, a 
manager, a director, or some other role to supportthe students. Y ou may wish to consider some of these roles 
in your own teaching. 

A catalyst is a person who takes the initiative to cause a process to change or an event to happen. Catalysts 
ask provoking questions which cause students to think about a problem differently. They may also introduce 
new ideas and make statements which stimulate discussions or even arguments. Catalysts can work with 
individual students, small groups or the entire class, presenting challenges in a motivating way. 

The discussion leader provides important background and supplemental information to a group and helps the 
group members analyze and understand the information. Discussion leaders respect the opinions of group 
members and invite students to contribute to the discussion. A discussion also provides students with the 
opportunity to share their solutions and questions with each other and to reflect on what they have done. 

Sometimes students simply need someone to watch them work. The observer is interested in what students 
are doing and obviously appreciates their efforts. An observer offers no criticism or advice, but gives 
time and attention. 

From time to time, students need to consult with others. The teacher as consultant encourages students to 
consult first with each other, pointing out that they collectively make up an information system of surprising 
proportions. If a student has not found a satisfactory answer to a question after asking several classmates, the 
consultant might indicate where the answer might be found. For example, a student having difficulty with a 
particular computer command might be referred to the LEGO® TC logo Reference Guide. Many times, the 
consultant can help the student most effectively by responding with a series of questions, such as the following. 

What seems to be the problem? 

How have you tried to fix it? 

Let’s try to figure out why it is not working. 

Now that we know why it doesn’t work, let’s brainstorm some possible solutions. 

Which idea should we try first? 

In some cases, the consultant might answer a student’s question directly. Sometimes the consultant may 
not be able to answer the question, and might suggest, “I am not sure. Let’s try to find out the answer 
together.” 

Managing the many components of the TCI environment is a task which requires continual attention. The 
teacher as manager involves students in the management process by giving them responsibility for their 
building elements and equipment. Techniques such as building set inventories, sign-out processes and 
lost-and-found bins are supported by students because the manager has helped them understand why they 
are important. 


Technology Background 


7 



When deliberate and definite action is needed, the teacher can act as a director. A brief period of directing 
might be used to help students prepare for an activity quickly, to give important instructions or 
information efficiently, or to rescue an activity which is becoming too frustrating. 

The teacher in our TCI classroom is actively involved with the students and shifts from one role to another 
in response to student needs. One final teacher role, that of evaluator, also needs to be explored. 

Student Assessment 

In addition to sharing in the fun, excitement and adventure of hands-on problem solving activities in a 
cooperative learning environment, you must also take on the role of evaluator and assess the work of your 
students. Assessment is a complex issue, and is approached from many different perspectives. At the 
root of the issue is a requirement for an assessment of each student, using a grade system which is, in most 
cases, already established. 

Instead of prescribing a single evaluation method for TCI activities (which may not be appropriate for 
all situations), this section describes some general considerations and offers a few suggestions. Select 
the ideas which are most useful to you and incorporate them into your assessment plan. 

In general, assessment can serve several purposes. One purpose is, of course, to provide a written record 
of progress. Another purpose might be to serve as a basis of teacher evaluations. A third purpose is to 
give feedback to students. A fourth purpose can be to provide students with an opportunity for 
self-assessment. You may wish to explore ways to help your students benefit from feedback and self- 
assessment. Perhaps a brief note to a student might give him or her the critical feedback needed to make 
a change in behavior or attitude. Some teachers are experimenting with ways to incorporate the results 
of student self-assessments into their record of progress. 

A comprehensive assessment encompasses a broad range of student performance and results in a more 
informative student profile than a more limited evaluation based on, for example, the average scores from 
a series of quizzes and examinations. The process which a student follows in carrying out an activity is 
at least as important as the final product of the activity. At the same time, this process is often difficult 
to assess. Techniques using observation checklists, student conversations or student idea logs and 
journals can provide useful information in constructing a student profile. 

In observing students, you might note one or more of the following. 

■ How do they work individually and in groups? 

■ How do they generate and use ideas? 

■ How do they view errors and unexpected results? 

■ How do they experiment with the TCI materials? 
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■ Do they discuss concepts at different levels? 


■ Do they discuss ideas with each other? 

In conversing with students, you could be alert for clues which indicate their level of understanding. Here 
is a partial listing of ideas which may be helpful. 

■ How well do they understand the problem? 

■ How well can they describe processes related to the problem? 

■ How well can they describe concepts related to the problem? 

■ How well can they describe the function of their model? 

■ How well do they develop and evaluate their ideas? 

■ Are they using appropriate terms in their conversations? 

■ What questions are they asking themselves? 

■ How do they assess their own work? 

Many teachers encourage students to keep idea logs or journals. These informal student notes provide 
important clues to student progress. Idea logs can take one of many different forms, including 
spiral-bound notebooks, classroom logs produced from photocopied forms, or LEGO® TC logo text files 
stored on a disk. 

Logs could contain both written entries and drawings. Student written entries could include items such 
as problem solving steps, descriptions of ideas which worked and ideas which did not work, data and 
measurements from experiments, daily commentary about activities, formal reports, fictional stories 
related to activities or problems, descriptions of feelings or impressions, and summaries of learning 
accomplishments. 

Idea logs are especially suited for graphic information. Diagrams, sketches, drawings and plans are often 
included. Special LEGO graph paper is provided in the Supplemental Material section for drawing the 
top and side views of models. Graphics drawn with LEGO TC logo can be stored on a disk and printed 
out when desired. 

Before going on to problem solving and systems in more detail, do you have any questions? 
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Questions and Answers 

Q. How can I arrange for TCI inservice training? 

A. Training is always an important consideration, especially when dealing with a product with as many 
components as TCI. LEGO Dacta offers cost-freeTCI inservice workshops in many parts of the US. For more 
information, call LEGO Dacta at 1-800-527-8339 and ask to speak with one of our program specialists. 

Q. Can I use other materials with the TCI building sets? 

A. Of course. This could make the activities more interesting and realistic. Most likely, you already 
have paper, string, cardboard and similar materials in your classroom. Here is a partial listing of other 
items which might be handy. 

• Thin cotton cloth or other material 

• Small plastic bags 

• Marbles 

• Small paper cups 

• Corks 

Q. What other equipment do you recommend? 

A. You may wish to have available for students on a request basis other items, such as the following. 

• Electric fan • Hole punch 

• Stroboscope • Scissors 

• Ruler or meter stick • Stapler 

• Set of small weights or masses • Camera and film 

• Force meter or spring scale • Video camera 

• Large protractor • Laser 

Additionally, you may wish to purchase LEGO® spare parts to extend your TCI possibilities. See the 
current LEGO Dacta brochure for information about: 

• Touch sensors • Pneumatic elements 

• Extra bricks, beams, gears and axles • Extra motors 

If you do not have the current brochure, contact LEGO Dacta at 1-800-527-8339 and request one. 

Q. What do I need to know about problem solving in order to use the TCI materials with my class? 
A. Read through the following pages. They contain an introduction to problem solving and a suggested 
problem solving model based on a systems approach. 


• Sticky tape 

• Paper clips 

• Rubber bands of many sizes and thicknesses 

• Small springs 
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Approaches to Problem Solving 

The methodology used in problem solving activities has changed because present technologies are more 
complex than previous technologies. Few problems can be approached and solved according to some 
neat step-by-step arrangement. Designers may move from the stated problem to a sketch of an 
imaginative solution. Or, such analysis may spark an idea leading to immediate experimentation. Many 
problem solving steps may be used at the same time. For these reasons, several different formalized 
problem solving models are used today. 


One of the most general problem solving model includes these steps. 

1. Identify the problem 

2. Select a solution 

3. Apply the solution 

4. Test and revise the solution 

While this model contains the essential elements of a problem solving sequence, it might be too general 
in nature. The problem solving model which follows uses this same general sequence. However, it also 
includes other features which make it especially appropriate for use in technology education. In 
particular, the organization of the model is keyed closely to the organization of the systems approach 
(described in the section following the problem solving model). 

Formalized Problem Solving Model 
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This model helps to clarify the problem to be solved, focuses attention on the criteria for deciding when 
the problem is solved, and provides an organized and detailed way of proceeding through the problem 
solving process. The model is NOT intended to depict how the human brain functions; humans often 
think nonlinearly at many different levels and from several different perspectives within a short time 
period. The sequence of problem solving steps in the model is designed to organize the approach, not 
to restrict it. 

Study the chart on the previous page, starting with the block entitled, “Define Problem.” A copy master 
of this chart is included in the Supplemental Material section of the TCI Resource Guide. Each block 
is defined by title. Data or written problem solving information and descriptions can be referred to the 
various blocks as the process is followed. 

Define Problem 

Solving a problem is a process which results in a solution to a specific want or need. The beginning step 
for students must be to identify what is to be solved. They must formulate a clear, simple, direct statement 
of the problem. From this statement, they will know where to direct their efforts. Example: Build a fast 
self-propelled vehicle model. 

Establish Criteria 

The criteria (judgements, rules or standards) against which the solution is measured define when the 
problem solving process is finished. Example: The self-propelled vehicle must travel at least three feet 
per second and must not tip over. 

Identify Values and Principles Involved 

Students should clearly identify values relating to concerns such as environmental issues. They should 
also describe the scientific principles which relate to the problem. Example: The self-propelled vehicle 
should not pollute the environment. Principles of force, motion, friction, and inertia must be considered. 

Identify Resources 

Students should describe in detail each of the following resources: people, information, materials, tools 
and machines, capital, energy, and time. Here is an example of a problem involving a self-propelled 
vehicle. 

People - problem solving team 
Information - teacher, library 
Materials - LEGO® building set 
Tools and machines - computer 


Capital - none required 
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Energy - electrical current 



Time - classroom period 


Identify and Select Alternative Solutions 

Many techniques can be used to identify alternative solutions, including trial and error, inspiration and 
brainstorming. Students could make a list of many different solutions. One key is to identify character¬ 
istics which can be varied. Example: For the self-propelled vehicle, different solutions could have a short 
or long wheel base, light or heavy vehicle weight, three or more wheels, etc. 


Develop and Test Solution 

After discussion and perhaps some preliminary testing, students develop fully and test one solution. 
Example: Students build and test a long, lightweight, 4-wheel, self-propelled vehicle. 


Record Results 

Students record the results of the test. Example: The vehicle developed a speed of 3.2 feet per second 
and remained upright. 

Monitor Solution 

Students discuss the results and examine any impact on values described earlier. Example: The vehicle 
did not pollute the environment, but the wheels damaged the layer of topsoil. 

Is Solution Optimal? 

Students take both results and criteria into consideration to decide if the solution is the best one possible. 
If so, then the problem is considered solved. If not, then they refine the solution or select another solution 
for development. 

Resources 

Studying technology requires an understanding of each of these resource categories and the impact of 
each on the final product and the environment. These resources apply both to the problem solving model 
discussed previously and the section on systems in the following section. 


O O O People are a resource for technology. The type of production and products manufactured 
UU U3DI depends on the skill level and education that manufacturers have. High technology jobs in 
areas such as robotics and space require advanced skills to apply technology. Assembling furniture and 
processing food require other levels of technical abilities. When a business considers a location for its 
industry, the characteristics of the work force are important factors in its decision. 



Information is needed for technology. The level of input and output needed is determined 
by the product a company wishes to market. Information processing accounts for many jobs. 
Information is recorded and exchanged by satellite, television, radio, computers, facsimile transfer 
(FAX), telephone, and numerous reproduction machines that produce an instant copy of both pictures 
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and written words. New technology is developing at an explosive rate because information is readily 
available. Providing information is a business in itself. 


M Materials including renewable plants and animals, and nonrenewable oil and metals, are 
usually considered first when the word resource is mentioned. Materials are an important 
resource for technology but no longer are the determining factor in the location of a company. Materials 
can be transported easily by air, land, or sea. Parts of many products today are manufactured in several 
countries and assembled in another country. The use of raw materials is becoming more closely 
examined. People are concerned that the consumption of raw materials exceeds their long-term 
availability. Even renewable resources such as wood, cotton, and livestock cannot be replaced at an 
ever expanding rate of consumption. 


Hi— Tools and machines are another resource for technology. People have been using tools such 
as hammers, vises and rolling pins for many centuries. Machines such as drills and chain saws 
have replaced many operations that people performed with simple tools. Electronics, computers, robots, 
and multifunctioning machines have replaced repetitive processes that were carried out by people using 
hand tools. 


Capital is one of the seven resources that keep a technological system in operation. 
Currency is a familiar form of capital. Other forms of capital are stocks, bonds, land, 


buildings and equipment. 


v 


/ 





_ Energy is a resource that is needed to keep technology applications functioning. The use of 
— renewable energy such as that from solar, geothermal, and hydroelectric sources increases as 
( T N nonrenewable energy sources such as coal, oil and natural gas become more expensive. In 
many cases, the use of nonrenewable energy sources is not an environmentally sound practice. 

_ Time can be called the resource that has not changed. But has it? In the agricultural era, time 
Wg was measured in months and seasons. In the industrial era, time was measured in days or 

WlV weeks. In today’s information age, time is measured in seconds or fractions of a second. 

Retrieving data can take place almost instantly. Even the most complicated machines can be produced 
using high speed production line techniques. We have even shortened the time required for food 
production by applying artificial lights and chemicals that speed growth. 


Systems 

Each advancement in technology makes possible more complex technological systems which can 
generate new products to satisfy our wants and needs. These complex technological systems are 
developed from simpler systems. For example, the single exposure camera led to multiple exposure and 
moving picture systems. Manual cameras have been replaced by automatic exposure cameras. 


Understanding complex systems can be made easier by system diagrams or flow charts which identify 
the separate components and functions. This section contains diagrams for open loop and closed loop 
systems, as well as program control systems. 
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Any technological system must have at least three components: input, process and output. Input consists 
of the commands and resources entered into a system. The commands describe the goal of the system, 
while the resources provide the wherewithal to accomplish that goal. Process refers to the action 
component; resources are combined to fulfill the desired system goal. The actual result of the process 
is called the output of the system. Output can be classified as desired or undesired and as expected or 
unexpected. 

Open Loop 

An open loop system is the simplest technological system. It consists of a sequence of input, process and 
output components. An open loop system cannot adjust or monitor itself. Control has to be applied 
externally. Humans usually monitor open loop systems. 


In the open loop system diagrammed below, the input component is the command given to the system. 
The process component is dependent upon the seven resource inputs as well. The system utilizes all 
resources and produces an output. 



Examples of open loop systems: 

1. A cog railway vehicle system to climb a steep incline 

Command input: Climb the incline using a cogged wheel 
Process: Turn on electric motor 

Electric motor turns 

Power is transmitted through reduction gears to final cog 
Output: Vehicle climbs incline 

2. A winch system to lift heavy objects 

Command input: Lift heavy object attached to cable 
Process: Engage clutch 

Motor transmits power through clutch to ratchet and pawl mechanism 
Winch turns, winding up cable 

Output: Winch lifts heavy object attached to cable 
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Program Control 

A program control system is like an open loop system with a timer added. The system operation is 
performed for a set period of time oris repeated in a regular (or periodic) way. Like the open loop system, 
a program control system cannot adjust or monitor itself. All it can do is the task for which it was 
designed. 

In the program control system diagrammed below, the input component typically includes a command 
based on time. The process component is dependent upon the seven resource inputs as well as the timer. 
The system utilizes all resources and produces an output in accordance with the timer. 


Input 


Examples of program control systems: 

1. A timed amusement park carousel 

Command input: Provide a 4-minute carousel ride 
Process: Press start button 

Power is transmitted to gears 
Carousel turns 

Timer interrupts power after 4 minutes 
Output: The carousel ride lasts 4 minutes 

2. A timed yellow warning light system 

Command input: Turn the yellow light on and off at 1 second intervals 
Process: Turn on warning light system 

Electricity flows to traffic light and turns it on 
Timer interrupts electricity at 1 second intervals 
Output: Yellow light flashes on and off at 1 second intervals 
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Closed Loop 

In some situations, it is impossible for a system to produce exactly the desired expected outcome 
consistently. For example, it might be difficult for a heating system to keep a room in a house at a 
particular temperature. An open loop system certainly would not be effective, since the heating process 
would continue indefinitely. A program control system might be able to perform a little more effectively, 
since the heater could be operated periodically during the day and night corresponding to the coldest 
periods of time. 

A heating system combined with a thermostat works even better, because the thermostat provides 
feedback information to the system. If the temperature in the house is lower than the thermostat setting, 
the heater operates. If the temperature in the house is higher than the thermostat setting, the heater is idle. 
Such a system is typical of closed loop systems. Many of the Technic Control I activities in this binder 
incorporate closed loop systems. 

A closed loop system can: 

■ evaluate its output and adjust its process accordingly 

■ operate without human intervention 

■ operate without regard to time 

The diagram of a closed loop system resembles that of the open loop system, with the addition of a 
feedback loop. The feedback loop includes a monitor, a comparator and an adjustment mechanism. 

The monitor is a specialized sensor which provides information about the nature of the output. Sensors 
may be electrical, electronic, optical, mechanical, magnetic or thermal in nature. For example, the sensor 
used in the Technic Control I activities in this binder is an optosensor which can detect sharp changes 
in light intensity. 

The comparator compares the monitor information about the output with information specified by the 
command input and makes a decision about whether the two values match sufficiently. Comparators may 
be electrical, electronic, mechanical or electromechanical in nature. The computer is used as the 
comparator in the Technic Control I activities in this binder. 

The adjustment mechanism changes the process within a system so that the output results are closer to 
those specified. An adjustment mechanism which has to be either on or off is called a bang-bang 
controller. For example, the heating system in a house uses a bang-bang controller to turn the heater on 
or off in response to a comparator decision based on temperature information. 

An adjustment mechanism which has a range of values is called a proportional controller. An example 
is a camera which automatically sets itself in response to light conditions. In bright light, the camera 
selects fast shutter speeds and small apertures; in dim light, the camera selects slower shutter speeds and 
larger apertures. Proportional controllers provide better system control than bang-bang controllers, but 
are generally more complex and more expensive. 
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In the closed loop diagram below, the comparator and adjustment mechanism are bypassed when the 
system first begins; they operate as part of the feedback loop as soon as output appears. 



Monitor 


Examples of closed loop systems: 

1. A traffic light system activated by approaching traffic 
Command input: When there is no traffic, keep only the red light on 

When a vehicle approaches, turn the red light off and turn the green light on. After 
20 seconds, turn the green light off and turn the yellow light on. After 6 seconds, 
turn the yellow light off and and turn the red light back on 
Process: Turn on red light 

Electricity flows to red light 
Output: Red light is on (with no traffic) 

Monitor: Sensor in road reports change in pressure 

Comparator: Interprets sensor report and decides if pressure is great enough to be caused by 

vehicle weight 

Adjustment: If vehicle is present, the red light is turned off and the green light is turned on. After 

20 seconds, the green light is turned off and the yellow light is turned on. After 
6 seconds, the yellow light is turned off and the red light is turned back on. 


2. A system which makes a vehicle follow a black line 

Command input: When the black line is under the vehicle, go forward 

When the black line is not under the vehicle, turn the vehicle in place until the black 
line is again under the vehicle 
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Process: 


Output: 

Monitor: 

Comparator: 

Adjustment: 


Turn on electric motor 
Electric motor turns 

Power is transmitted through gears to wheels 
Vehicle moves forward (along black line) 

Optosensor reports change in intensity of light reflected from floor 
Interprets sensor report and decides if floor beneath vehicle is black or white 
If floor is white, vehicle turns in place until floor is black (black line is again under 
the vehicle) 


More complex systems are possible, made up of subsystems of the three fundamental diagrams. 

Technology and Environmental Impacts 

In earlier times, technology consisted of finding ways to help humans obtain food, survive the extremes 
of cold and hot temperatures, and get from one place to the other alive. As technology developed, humans 
discovered and developed more effective methods of growing food, providing shelter, and traveling. 
Today, however, the process of technological advances is changing to take into account additional 
considerations relating to our environment. 


This change is taking place in three stages. The first stage is that of awareness. In 1962, Rachel Carson’s 
book, Silent Spring, influenced many researchers and writers, and launched the ecological awareness era. 
Project WILD is a more recent contributor to environmental awareness. Sponsored by state wildlife 
agencies and state departments of education, the project emphasizes the ecological effect technology has 
on wildlife and seeks to help us understand our responsibilities to all living things. Project WILD 
cautions that we have not inherited the earth from our parents, but have borrowed it from our children. 

The second stage consists of studies of the impact of technology on the environment. Most government 
agencies at the local, state and national level now require environmental impact studies for major 
construction and development projects. We are just beginning to study the impacts of technology on our 
fragile biosphere. 

The third stage involves implementing programs to address critical environmental concerns. The 
requirement for US automobiles to use only unleaded gasoline is a result of such a program. This stage 
is controlled mainly by the political process. 

Outputs of technological systems are classified as desirable or undesirable and as expected or 
unexpected. Desirable and expected outputs are always the aim of a technological system. Desirable 
and unexpected outputs sometimes occur. If the technological system was planned to take into account 
environmental concerns, neither of these outputs should produce a serious environmental impact. 


Environmental concerns are focused on the undesirable outputs. The processing of undesirable and 
expected outputs can be planned in advance. For example, the waste products from nuclear power plants 
are definitely undesirable and expected, and must be processed with extreme caution. However, the most 
serious category is that of undesirable and unexpected outputs. Since the output was unexpected, no prior 
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planning took place, presenting an opportunity for severe environmental damage. One example in this 
category has been the dumping of mercury into streams and rivers. No one anticipated the problem of 
mercury poisoning from fish which resulted. 

As each TCI activity is accomplished, students should be encouraged to discuss related environmental 
issues and categorize the possible outputs from their project. For example, the Red Lake Recovery 
activity in the Production/Construction section could be extended by presenting the problem of removing 
the oil on the ice which has dripped from trucks traveling across the frozen lakes. 

Understanding the environmental impact of technology has become a priority. But we must also help 
students realize that immediate action is required in our constant struggle to preserve our delicate planet. 
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The construction industry produces structures on building sites. Most people are 
familiar with structures that shelter people, animals, and goods from the outside 
elements, but there are other types of structures that support, direct and transport 
people and goods. Bridges, cranes, antenna towers, and oil drilling rigs are 
examples of supporting structures. Tunnels, roadways, and pipelines serve as 
directing structures which control the flow of vehicles or materials. Transporting 
structures include movable cranes and crawlers capable of moving homes. Giant 
crawlers move the space shuttle from the assembly building to the launch complex. 

Construction courses taught in schools in the past have often limited their content to wooden stick 
structures used for shelter. A true representation of the construction industry includes hands-on problem 
solving experiences modeling supporting, directing, and transporting structures along with the construc¬ 
tion of shelters. LEGO® TC logo activities in this section present problem solving scenarios to students 
covering all three types of structures. 

Following is a list of the ten Production / Construction activities in alphabetical order. The descriptive 
names of the activities and the models presented as a solution for each activity are listed. Refer to the grids 
on the next pages for an overview of the building and programming levels for each activity, and key 
LEGO TC logo, science, and math concepts related to each solution. Keep in mind that all activities are 
open-ended and many solutions at different building and programming levels are possible. Also, 
solutions involving other scientific or mathematical principles are likely. The same grids are used in each 
of the four sections as a handy cross reference for all activities. 


Overview 



Activity Name 

Big Wheel 
Come Along 
Cutting Edge 
Get Over It 
Moving Wall 
Need a Lift? 

Red Lake Recovery 
Rowdy Rotor 
This Old House 
What’s the Hold Up? 


Model 

Ferris Wheel 
Come-along 
Table saw 
Suspension Bridge 
Automatic door 
One-person lift 

Crane with supporting platform 

Rotor 

Scaffold 

Gantry crane 


Other Materials Needed 

String 

String or cable with a winch 

Polypropylene or flexible plastic 

Photocopies of half black/ half 

white counting wheels, glue 

String 

Paper, tape 

String 

String 






Activities 

LEGO®TC 
logo Commands 
and Concepts* 

Big Wheel 

Come Along 

Cutting Edge 

Get Over It 

Moving Wall 

Red Lake Recovery 

Rowdy Rotor 

Need a Lift? 

This Old House 

What's the Hold Up? 

Building level 
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Programming level 
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Conditionals (if, ifelse) 


X 



X 



X 


X 

Conditionals with and. or 


X 



X 



X 



Counter to check if moving 








X 



to count objects 











to measure degrees 











to measure linear distance 


X 

X 



X 


X 
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to measure rotations 

X 


X 




X 




to measure speed 



X 








Jovstick control 











Kevboard (instant) control 


X 








X 

Member?, number? 
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Optosensor as an “electric eve” 





X 






as a switch 











to follow a line 











Pulsewidth 

X 










Recursion 





X 



X 


X 

Repeat 

X 










Setting motor direction 




X 

X 

X 

X 

X 

X 

X 

Setting motor/ light power 

X 


X 




X 



X 

Subprocedures 

X 



X 

X 

X 


X 

X 

X 

Timer 







X 




Tone 











Turtle page procedures 











Variables, global and local 

X 

X 

X 
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X 

X 



X 

Wait 

X 



X 


X 




























* Commands such as talkto, on, off, listento and waituntil are used in most activities so they are not 
included this grid. 






Activities 


Applied 

Science 


Acceleration _ 

Center of gravity _ 

Centrifugal effect _ 

Compression/tension _ 

Convection/conduction _ 

Friction _ 

Gravity and its effects _ 

Inertia _ 

Mechanical advantage: gears 
Mechanical advantage: levers 
Mechanical advantage: pulleys 
Momentum 

— 

Velocitv. angular 


Velocity, linear _ 



Teacher Objectives 
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Amanda 'sferris wheel is popular but as the day wears on, the lines become longer and longer. Amanda 
wants to rebuild her amusement park ride so it is taller and can accommodate more riders. 




■BIO WHEEL-- 

[M§D<gM ED® 

Build and program an amusement park ride that allows riders to get on, ride for a period of time, and then 
get off. 

[ByDtL^DIMI^ DPiM 

Follow the 1090 A building instructions to create a ferris wheel. Make sure you put the drive shafts in 
the correct holes in the beams or the chain drive will not operate properly. 

You can use the same subprocedure for getting on and getting off your ferris wheel. 

The optosensor mounted on the top section of the ferris wheel is activated by the yellow plates on the 
ferris wheel spokes. You may need to use the following lines in your procedure to make sure the spokes 
have passed by the optosensor: 


waituntil [not sensor?] 

waituntil [sensor?] 
wait 2 


4 Wait until the optosensor on top of the ferris wheel 
“sees” the yellow plate on one of the spokes 
4 Wait until one of the spokes passes by the optosensor 
4 Pause to make sure the whole spoke has passed the 
optosensor 
4 Turn off the motor 


To control the number of revolutions in the ride, you can use onfor to time the interval the motor is on, 
or you can use the counting wheel and optosensor mounted on the drive axle to count the revolutions of 
the ferris wheel. Which method is more accurate? 


1 ctacto 
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Objectives 

The student will learn how sensors give feedback to 
computer-controlled machines. The student will 
construct a machine using sensor feedback and 
program control. The student will analyze the 
proper balancing of a rotating machine. 


Description of the Problem 

A tall ferris wheel is built using the building instructions labelled 1090 A. Students program the 
revolutions of the ferris wheel using feedback from an optosensor and counting wheel. Another 
optosensor is used to determine the position of the four “seats” on the ferris wheel. Students use the 
optosensor in port 7 to determine the position of the ferris wheel “seats.” The superprocedure controlling 
the ferris wheel is written so the same subprocedure allows passengers to get on and get off the ferris 
wheel. 


Building Ideas 

Step by step building instructions for 
this ferris wheel are shown in the 
building instruction booklet labelled 
1090 A. 



1 


docbo 








Programming Ideas 

In the solution given below, the superprocedure RIDE calls the subprocedure Stop.for.rider which 
allows passengers on the ferris wheel. The subprocedure go moves the ferris wheel in one direction until 
the optosensor on the drive axle counts over 16. Then the motor reverses until the optosensor reaches 
over 32 counts. The number of revolutions the ferris wheel turns depends on which side of the counting 
wheel faces the optosensor. Using the counting wheel provides specific feedback to the computer about 
the distance the ferris wheel moves. If students rely on time (onfor statements) the movement of their 
ferris wheel will not be accurate because friction affects its movement. 

As suggested in the student Programming Ideas, one subprocedure is used to allow passengers on and 
off the ferris wheel. 

TO RIDE 

STOP.FOR.RIDER 4 Pick up the passengers 

GO 4 Give the passengers a ride 

STOP.FOR.RIDER 4 Drop off the passengers 

END 

to stop.for.rider 
repeat 4 [talkto "a 
on 

listento 7 

waituntil [not sensor?] 

waituntil [sensor?] 
wait 2 

off 

wait 10] 
end 

to go 
talkto "a 
on 

setpower 4 
listento 6 
resetc 

waituntil [counter >16] 
rd 

setpower 7 

waituntil [counter > 32] 
off 
end 



4 Address the motor 
4 Turn it on 

4 Set its power to a moderate level 
4 Address the optosensor near the motor 
| Reset the counter to 0 
4 Wait until the counter is greater than 16 
4 Reverse the motor's direction 
4 Set the motor power to the highest level 
4 Wait until the counter is greater than 32 
4 Turn off the motor 


4 Repeat 4 times the list of commands; address the motor 
4 Turn it on 

4 Address the optosensor on top of the ferris wheel 
4 Wait until the optosensor sees the yellow plate on the 
spokes 

4 Wait until the spokes pass by the optosensor 
4 Pause to make sure the whole spoke has passed by the 
optosensor 
4 Turn off the motor 
4 Pause for 1 second 





Big Wheel 


Related Concepts and Extensions 

Machines must be balanced properly or vibration will destroy them. Load one of the seats with more 
bricks to add mass. Next, operate the ferris wheel. Observe the work being accomplished as the weighted 
seat is raised and lowered by the turning ferris wheel. Gravity aids the turning of the lowering segment 
and opposes movement on the raising segment. Balance the load by placing equal weights on each seat. 
Forces are now balanced and the motor turns the wheel more smoothly. 

Students can measure the effect of gravity upon a weighted seat by using the optosensor in port 7 and 
the pulsewidth command. The optosensor in port 7 is activated by the yellow plates on the spokes of 
the ferris wheel each time one of the spokes moves past it. Pulsewidth measures the interval between 
activations of the sensor and reports that time in milliseconds (1/1000 of one second). 

Below is a procedure for testing weighted chairs. The pulsetime procedure turns on the ferris wheel 
and measures the interval between activations of the sensor by the spokes of the ferris wheel using 
pulsewidth. By comparing the pulsewidth times for each interval students can measure the effect 
weighted elements have on the speed of each portion of the ferris wheel. Before running the procedure, 
flip the page ((5-F or Ctrl-F) so that the numbers will print on the turtle side of the page, rather than 
the procedure side. Hide the turtle by typing ht. To run the procedure type pulsetime and a number. 
The number entered should be the number of intervals for which pu Isewidth measurements are desired. 
Use printtext to print the numbers reported by the pulsetime procedure. Cleartext erases the 
numbers from the screen. 


Caution: Before using cleartext, make sure the turtle side of the page, not the procedure side of the 
page, is showing or all of the procedures will be erased! 


to pulsetime :number 
repeat :number [talkto "a 

on 

listento 7 

waituntil [not sensor?] 

waituntil [sensor?] 
wait 2 

off 

print pulsewidth] 
end 


4 Repeat the list of commands for the number of times 
input by the user; address the motor 
4 Turn it on 

4 Address the optosensor on top of the ferris wheel 
4 Wait until the optosensor “sees” the yellow plate on a 
spoke 

4 Wait until the spoke has passed by the optosensor 
4 Pause for two tenths of a second to make sure the spoke 
has passed by the optosensor 
4 Turn off the motor 

4 Print the time in milliseconds it took the ferris wheel 
section to move past the optosensor 


Now add an equal weight to the opposite seat and try pu Isetime again. What happens to the pu Isewidth 
values reported? 


docto 
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Teacher Notes 
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COME MONO 



John, the director of the youth center, said, “You can work on the old car engine if you can find a way 
to lift it out of the cellar and up through the trap door. ” What kind of machine should Annette and Corey 
use to lift the engine out of the cellar? 









COME ALONG- 

Pi§0<S[N] 1M0IIF 

Build and program a portable winch system known as a come-along. 

®tmP0IM<S DPEM 

You can use a gear as a ratchet wheel and a LEGO® plate as a pawl to control the turning of the main gear 
of your machine. Another ratchet-and-pawl mechanism can prevent the machine from unwinding when 
the winching arm is engaged. 

OPHAf 

Use the optosensor to measure the distance the rope travels and print the result on the screen. The 
Measurement Worksheet in the Supplemental Material section of th e Resource Guide includes scales for 
inches, centimeters and LEGO® studs. Ask your teacher for a copy. You must calibrate the counter to 
the distance units you wish to use before you can write your program. 
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Come Along 



Objectives 

The student will apply mechanical advantage 
principles using the wheel and axle. The student 
will understand the use of a ratchet-and-pawl. 


Description of the Problem 

Ratchet-and-pawl mechanisms allow motion in one direction and stop motion in the opposite direction. 
A hoist system needs two pawls. One pawl is used to engage the hoist winching handle. The second pawl 
prevents the winch from unwinding when another stroke is taken with the winch handle. 


Building Ideas 

Students can look at catalogs from tool companies to see different types of come-alongs. Come-alongs 
are sold under many different names, such as power-pull and puller-hoist. 



Ratchet-and-pawl 
controlling movement 
of the winch system 






Come Along 


Programming Ideas 

The come-along is a manually operated machine so the computer is not needed to operate the machine itself. 

The procedure measure calculates the distance the rope travels by using input from the optosensor and 
counting wheel. To measure in a unit of distance, the counter input must be calibrated to the desired 
distance unit. 

Here is one way to calibrate counts to centimeters: 

1. Find the Measurement Worksheet in the Supplemental Material section. Lay the string for the come- 
along the length of 10 centimeters on the centimeter ruler shown. 

2. Plug the optosensor into port 6. 

3. Type listento 6 resetc in the Command Center. 

4. Move the winch handle to wind up the string 10 centimeters. 

5. Type show counter. 

If the counter says 32, then 32 counts = 10 centimeters. Therefore,the ratio of centimeters to counts is 
10 centimeters :32 counts. This is the calibration factor. So if the student hoists an object with the come- 
along, they can measure the distance the object was hoisted by multiplying the counts by the calibration 
factor. If the counter equals 18, the distance the rope traveled is 

18 x 10 centimeters = 180 = 5.625 centimeters 
32 counts =32 


In the measure procedure the counter is multiplied by the decimal value of 10/32, which is .3125. 
Students may need to use a different calibration factor. 


to measure 
listento 6 
resetc 
ht 

print [press return when 
finished moving] 
make "key readchar 
if :key = char 13 


[(print [centimeters = ] 
counter * .3125)] 


4 Address the optosensor 
4 Reset the counter to 0 
4 Flip the page and hide the turtle 

4 Create a variable called key 

4 Wait for user to press a key. If the key pressed is the 
Return or Enter key, the distance in centimeters is 
calculated and printed on the screen 

4 Display the distance the string moved 


end 


Cleartext erases the text printed on the screen. Caution: Before using cleartext, make sure the turtle 
side of the page, not the procedure side of the page, is showing or all of your procedures will be erased! 
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Come Along 


Related Concepts and Extensions 

When strain is placed on come-alongs, it is important to engage each pawl before the pressure is released 
on the handle. The come-along will quickly unwind if the pawl stops on top of a ratchet tooth. The come- 
along shown has a winch handle lever system capable of continuous rotation (like a wheel and axle). The 
theoretical mechanical advantage of this system is the ratio of the wheel radius (winch handle) to the axle 
radius (the point to which the cable is fastened). 

TMA = R (wheel) 
r (axle) 

The mechanical advantage of this system can be doubled by using a moveable pulley instead of a fixed 
pulley to draw weighted objects. 

Teacher Notes 
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CUTTING EDGE 

PtE§Q(SM iPDdlF 


Construct a working table saw, radial arm saw or band saw that can operate at various speeds so it can 
cut different types of lumber. 



You can look through tool catalogs for design ideas. 


A gear can serve as the “blade” for your saw. 


Include an optosensor and a counting wheel in your design so you can measure the speed of the saw blade. 

The speed of a saw blade is measured in revolutions per minute (rpm). The various materials cut by saws 
must be cut at different speeds. The speed at which materials are cut is usually given in meters per minute 
or feet per minute. To find the speed your saw blade moves in meters or feet per minute, you must multiply 
the rpm of your saw blade by the circumference of the blade. To change to a higher or lower speed, you 
can either attach a blade with a smaller or larger diameter, or, for saws that have a variable speed motor, 
change the rpm of the blade. 


Instead of changing the “blade” on your LEGO® TC logo saw model, program the motor to act like a 
variable speed motor using the setpower command. Power levels for setpower can be 1 (lowest) 
to 7 (highest). 

As you work out a solution for programming your saw, it might be easier to write a program to find the 
rpm of the blade first. Then you can alter your program to calculate the speed of the blade in millimeters 
per second or some other unit of measurement. 

Here are some helpful formulas: 

rate (speed) = distance / time 
circumference = 2nr 

= K* diameter 
tc = 3.14 (approximately) 



Idttcto 


LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 




Cutting Edg e 




Objectives 

The student will demonstrate a machine that controls 
a saw blade moving at various speeds. The student 
will understand that different materials require 
different saw blade speeds. 


Description of Problem 

A table saw, radial arm saw or a band saw is needed. The saw must be able to operate at different speeds 
to cut different types of wood. The LEGO® motor can act as a variable speed motor under software 
control. 


Building Ideas 

The model below uses a 24-tooth gear as the saw “blade.” 
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Cutting Edge 


Programming Ideas 

Students can follow the steps described below to program their saws to operate at various speeds. First, 
using feedbackfrom the optosensor and counting wheel, they can calculate the rpm of the counting wheel. 
Next, students can modify that result to find the rpm of the saw blade itself. Finally, students can calculate 
the linear speed of the saw blade, based upon the rpm of the blade multiplied by its circumference. 

Calculating Counting Wheel RPM 

As their first step, students can find the revolutions per minute the counting wheel moves at each power 
level. The LEGO motor can operate as a variable speed motor using the setpower command. Setpower 
requires an input from 1 to 7. Instead of writing seven different programs, students can create a variable 
for power level when they define their procedure. The rpm procedure shows how. When running rpm, 
students must enter the power level at which they want motor to move. For example, by typing rpm 7 
they run the rpm procedure with the power at level 7. For more information about variables, see How 
To Create Variables in the How To section. 

The rpm procedure uses feedback from the counting wheel and optosensor to calculate the rpm of the 
counting wheel. Each time the counting wheel turns once, the counter is incremented by 8, assuming the 
8 black / 8 white side of the counting wheel is facing the optosensor. So, in order to find the revolutions 
of the counting wheel, the counter must be divided by 8. If students have the 4 black / 4 white side facing 
the optosensor, they should divide the counter by 4 instead of 8. 

to rpm :level 
ht 

listento 6 
resetc 
talkto "a 
setpower: level 
onfor 600 

(print [counting wheel rpm = ] 
counter/8) 
end 

Calculating Saw Blade RPM 

Rpm calculates the speed of the axle turning the counting wheel. To find the speed of the saw blade itself, 
students must multiply the rpm of the counting wheel by the ratio between the pulley on the counting 
wheel axle and the pulley connected to it on the saw blade axle. 

The diameter of the counting wheel pulley is about 24 millimeters. The diameter of the saw blade pulley 
is about 6 millimeters. The ratio of the two pulleys is about 4. So the rpm of the counting wheel must be 
multiplied by 4 to find the rpm of the saw blade. Students can change their program to calculate the saw 
blade rpm automatically. 


4 Flip the page and hide the turtle 
4 Address the optosensor 
4 Reset the counter to 0 
4 Address the motor 

4 Set its power to the level entered by the user 
4 Turn on the motor for one minute 
4 Calculate and display the revolutions per minute of 
the counting wheel 
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Cutting Edge 


to rpm2 : level 
ht 

listento 6 
resetc 
talkto "a 
setpower:level 
onfor 600 

(print [saw blade rpm = ] 
counter/8 * 4) 
end 

Calculating Linear Speed 

Once they know the rpm of their saw blade, students can find the linear speed of their saw by multiplying 
its rpm by the circumference of the saw blade. The diameter of the saw blade shown in the Building Ideas 
is about 26 millimeters. So the circumference of the saw blade is 7t * 26 mm = 3.14 * 26 = 82 millimeters 
or .082 meters. If the rpm of the saw blade were 100 rpm, the linear speed of the saw blade would be 100 
rpm * .082 meters = 8.2 meters per minute. 

Rpm2 can be revised as follows to display the linear speed. 

to linearspeed :level 
ht 

listento 6 
resetc 
talkto "a 
setpower:level 
onfor 600 

(print [linear speed meters 
per minute = ] 
counter/8*4* .082) 
end 

Instead of waiting 60 seconds each time they run the rpm, rpm2 or linearspeed program, students can 
run the motor for 6 seconds and multiply the results by 10. 

To clear the results printed on the turtle side of thepage, students can use the Cleartext command. Caution: 
Before typing cleartext, students should make sure they are not on the side of the page showing their 
procedures. If they are, cleartext will erase all of their procedures. (6-F or Ctrl-F flips back and forth 
between the two sides of the page.) If they do erase their procedures but they had previously saved their 
page, students can type restore immediately to bring back the last saved version of their page. 


4 Flip the page and hide the turtle 
4 Address the optosensor 
4 Reset the counter to 0 
| Address the motor 

4 Set its power to the level entered by the user 
4 Turn on the motor for one minute 
4 Calculate and display the linear speed of the saw blade 


4 Flip the page and hide the turtle 
4 Address the optosensor 
4 Reset the counter to 0 
4 Address the motor 

4 Set its power to the level entered by the user 
4 Turn on the motor for one minute 
4 Calculate and display the revolutions per minute of 
the saw blade 
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Cutting Edge 


Related Concepts and Extensions 

Once they know the range of speeds at which their saw operates, students can create a program that asks 
the saw operator to select a speed and then sets the power of the saw to the appropriate level. See the A 
Drill a Minute activity in the Production / Manufacturing section for specific programming ideas. 

The speed for sawing a few common materials are listed below. 


Material 

Acrylic 

Aluminum 

Copper 

Wood 


Meters per minute 

20 mpm 
46 mpm 
30 mpm 
107 mpm 


Feet per minute 

65 fpm 
150 fpm 
100 fpm 
350 fpm 


Ask students to simulate the above speeds with their models. 


Shaper and routers require much higher speeds because the diameter of the cutting blade is smaller. Ask 
students to build a shaper or portable router and simulate its speed. 


Teacher Notes 
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GET OVER IT- 

Pi^OytN] IBPOHIF 

Build an overhead winching system and suspend it on two cables between two towers. Use the winching 
system to lower heavy roadway beams in place. The suspension bridge towers hold the cables for the 
bridge roadway. 

iyoLPaMy dpum 

You can use parachute cord or braided nylon, or another available type of cord for the suspension cables. 
Mount a motor and gearing system on the cord to create the winch. Use a second motor and string system 
to move the winch back and forth along the cord. 

[PPOyPAMMDINiy QPdM 

First you will need to find out how long to turn on the motor to move the winch back and forth along the 
cord. Then you will need to find out how long to turn on the winch motor to raise and lower the beams. 
Finally, you can write a superprocedure to control your entire system. Use subprocedures to make your 
superprocedure easier to understand. 

You can use variable input values with onfor to control the motors. See How To Create Variables in the 
How To section. 
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Get Over It 




Objectives 

The student will understand one method of lifting 
heavy suspension bridge roadway beams in place 
between twin suspension bridge towers. 


Description of the Problem 

Suspension bridge roadway beams can be maneuvered into place from below the bridge using barges or 
from above using cable winching systems. The solution provided below follows the latter approach. Two 
subsystems must be designed and built: one to control the overhead winching system, and the other for 
lowering the beams into place. 


Building Ideas 

The solution shown below can be built from one TCI set. Students can expand and strengthen the model 
using additional LEGO® elements or other materials. Counterweight or cables can be added to the outside 
of the towers to strengthen them. 


Many of the engineering ideas which are fundamental in the A Peak Experience activity in the 
Transportation section and the Auto Dip activity in the Production / Manufacturing section can be applied 





Get Over It 


Programming Ideas 

The PLACEBEAM superprocedure uses the subprocedures move, forward and down to position the 
winch, lower the beam attached to the winch cable, and pause for the beam to be removed. Then 
PLACEBEAM calls the subprocedures up to raise the winch cable and move, back to bring the winch 
back to its starting position. 

PLACEBEAM shows how students can define variables for the time inputs to onfor. The variables are 
used to position the winch and to specify how far up and down the winch cable must be raised and lowered. 
TIM El specifies how long the motor is on to move the winch back and forth. TIME2 controls how long 
the winch motor stays on to raise and lower the beams. 


To run the program, students type PLACEBEAM and enter two values for TIME1 and TIME2. 


TO PLACEBEAM :TIME1 :TIME2 


MOVE.FORWARD :TIME1 4 

DOWN :TIME2 4 

WAIT 20 4 

UP :TIME2 4 

MOVE.BACK :TIME1 4 

END 


Position the winch 
Lower the beam 

Wait for the beam to be removed from the winch 
Raise the winch cord 

Move the winch back to its starting position 


to move.forward :time1 

talkto "b 

seteven 

onfor :time1 

end 


4 Address the motor that positions the winch 
4 Set its direction 

4 Turn it on for the amount of time entered by the user 


to move.back :time1 
talkto 11 b 
setodd 
onfor :time1 
end 


4 Address the motor that positions the winch 
4 Set its direction 

4 Turn it on for the amount of time entered by the user 


to down :time2 
talkto "a 
setodd 
onfor :time2 
end 


4 Address the motor that positions the winch 
4 Set its direction 
4 Lower the winch cable 
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to up :time2 

talkto "a 4 Address the winch motor 

seteven 4 Set its direction 

onfor :time2 | Raise the winch cable 

end 

Related Concepts and Extensions 

Instead of using onfor statements and variable time inputs, students can use the optosensors and 
counting wheels to move the motors a specified distance. The programming solution for the Auto Dip 
activity uses this alternative method. Which solution provides the most accurate position of the 
machinery? Which solution provides the most user control? 

The center of gravity of the winching and tower system must be kept low for stability. The system must 
be capable of supporting both itself and the item it is lifting (its static and dynamic loads). 

Teachers Notes 
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[-MOVING WALL- 

PH^D^IM Mi IF 

Construct a sliding door that allows tall equipment to enter a building. Program the door to open 
automatically and to pause so the equipment can enter. The door should close after the equipment has 
passed through safely. 

IMJJDILPOINI<g, DPtlM 

Follow the building instructions labelled 1090 B for the “moving wall” style automatic door. You can 
modify this model to make the door larger. 


Experiment by adding vertical blinds as an “air trap” to your moving wall so more heat can be held inside 
while the door is open. 


M<& DPI 



Use one optosensor to check when someone (or something) approaches the door. Use the other 
optosensor to check whether the person (or thing) has passed through before closing the door. 
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Moving Wall 

Objectives 

The student will be able to demonstrate how large 
sliding doors affect heat and air movement. 

n n 



Description of the Problem 

Special moving walls must be constructed to allow equipment access inside and outside. Because of the 
large amount of heat loss, methods to control air movement must be developed. One idea involves 
hanging flexible vertical blinds from the top of a door opening. 


Building Ideas 

The 1090 B model shown below can be expanded during the construction phase so it can accommodate 
larger objects passing through. 


Use clear polyethylene tarp plastic for the vertical blinds. Use tape at the top of the blinds to hold them 
in place. 







Moving Wall 



Programming Ideas 

Below are three different programming solutions for the Moving Wall activity, based upon the 
Programming Ideas in the student Design Brief. 

By typing lightson THRUDOOR in the Command Center, students can use the optosensors in port 6 
and 7 to open the “moving wall” style door when something is in front of the door, and then close when 
something has passed through the door. 

All three of the programming solutions use the subprocedure move to make the motor controlling the 
door move. 

to lightson 
talk to [2 3] 
on 
end 

TO THRUDOOR 
LISTENTO 6 
IF SENSOR? [MOVE] 

LISTENTO 7 

IF SENSOR? [RD MOVE RD] 

THRUDOOR 
to move 

talkto "a 4 Address the door motor 

onfor 25 4 Turn it on for 2.5 seconds 

end 


4 Address the optosensor on one side of the door 
4 If it is activated, open the door 
4 Address the optosensor on the other side of the door 
4 If it is activated, reverse the direction the door moves, 
close it and reverse the direction again so it is ready 
to open 

4 Keep running the procedure 


4 Address both lights 
4 Turn them on 


The THRUDOOR2 procedure is a modification of THRUDOOR. Sometimes it is easier to 
understand the direction a motor is turning in a program when seteven and setodd are used 
instead of rd. Type lightson andTHRUDOOR2 in the Command Center as in the previous 
example. 


TO THRUDOOR2 
LISTENTO 6 

IF SENSOR? [SETEVEN MOVE] 
LISTENTO 7 

IF SENSOR? [SETODD MOVE] 

THRUDOOR2 

END 



4 Address the optosensor on one side of the door 
4 If it is activated, set the direction of the motor and 
move the door open 

4 Address the optosensor on the other side of the door 

4 If it is activated, reverse the direction of the motor and 
close the door 

4 Keep running the procedure 
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Mil _ Moving Wall 


The recursive procedure WALL checks both sensors to see if someone is coming from either direction. 
If one of the sensors is activated, the wall-style door opens, waits until the object has passed through the 
door and then closes. Use 6 -S or Ctrl-S to stop the procedure. If the motor remains running, type alloff 
or ao to stop the motor. (Alloff will also turn off the lights.) Remember to type lightson WALL to run 
the procedure. 

TO WALL 
LISTENTO [6 7] 

IF (OR SENSOR? = [TRUE FALSE] 

SENSOR? = [FALSE TRUE]) 

[SETEVEN MOVE 
WAITUNTIL [SENSOR? = [FALSE 
FALSE]] 

SETODD MOVE] 

WALL 
END 


4 Address both optosensors 
4 If one of them is activated 

4 Set the direction of the motor and open the door 
4 Wait until the object has passed through the door 

4 Reverse the direction of the motor and close the door 
4 Keep running the procedure 


Related Concepts and Extensions 

Heat transfer by a moving medium (air) is called convection. Convection causes the actual movement 
of the medium as a whole because as air warms, it becomes lighter and rises. Heavier, colder air enters 
the doorway near the bottom and warmer, lighter air exits the building near the top of the doorway. 
Conduction, the transfer of heat energy by the collision of particles, is the primary method of heat transfer 
in solids. 

Encourage students to try various overlapping patterns when designing the flexible polyethylene door. 
Ask them to compare the effectiveness of different patterns. A small fan blowing toward their door might 
be helpful for testing air current through the vertical blinds. 

Many mechanical doors open overhead. These doorways are not able to use the polyethylene vertical 
blinds. Design an overhead door that opens partially when a shorter vehicle is detected, and opens fully 
when a taller vehicle is detected. 

Teacher Notes 







NEED A LIFT? 

Pi§D<SIN] iPOdl? 


Build and program a one-person lift that can be placed against a structure or cliff. Your lift must provide 
workers with a movable platform for their materials. Program the lift to raise and lower. 


iy»DKl(S 0PiA§ 

You can use worm gears to gear down the motor. An upright beam can guide your lift platform as it moves 
up and down. Use pulleys with strands of string to move the lift. 


Using an axle and a counting wheel, you can create a handle to rotate the counting wheel past an 
optosensor. Modifying the counting wheels so they are half black and half white allows you more 
freedom to move the handle. You can use a photocopy of the counting wheel faces and glue them to your 
counting wheels. 



IPP©(SPAMMDM(2i DPEA§ 

You can use feedback from the optosensor and counting wheel “handle” to control the movement of the 
lift up or down. If you create two “handles” you can stop and start the motor as well as control the motor’s 
direction at any point on the lift. 


L 
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Need a Lift? 



Objectives 

The student will understand how the mechanical ad¬ 
vantage of a pulley system changes when the number 
of strands supporting a weight are changed. The stu¬ 
dent will demonstrate this mechanical advantage. The 
student will control the device using optosensor 
feedback. 


Description of the Problem 

A platform must be raised and lowered using the mechanical advantage gained by using a multiple 
number of supporting strands. The supporting strands are part of a pulley system or block and tackle. A 
motor and a gear system can supply the power needed to move the platform. Two optosensor and 
modified counting wheel pairs can 


be used for feedback: one pair to 
stop and start the lift and the other 
pair to raise and lower the lift. 

Building Ideas 

Applying candle wax or some other 
lubricant on the string cuts down 
the amount of friction caused by 
the string passing through the beam 
holes. 

To make controlling the lift easier, 
students can create half black and 
half white counting wheels by 
carefully gluing copies of the white 
and black counting wheel faces to 
the counting wheel (see Building 
Ideas on the student page). Or, if 
the class needs counting wheels 
permanently altered, they can use 
white opaque fluid and black model 
paint. 











Need a Lift? 


Programming Ideas 

Following are three procedures to control the movement of the lift. The first procedure, LIFT uses no 
optosensors to move the lift, so it does not fully satisfy the Design Brief. The second procedure, LIFT2 
uses one optosensor, the third procedure LIFT3 uses two optosensors. 


The LI FT procedure moves the lift up and down as a function of the amount of time the motors are turned 
on. Notice that it takes longer for the lift to move up than to move down. 


TO LIFT 
TALKTO "A 
SETEVEN 
ONFOR 90 
WAIT 10 
SETODD 
ONFOR 70 
END 


4 Address the motor 
4 Set its direction 
4 Turn it on for 9 seconds 
4 Pause for 1 second 
4 Reverse its direction 
4 Turn it on for 7 seconds 


The LIFT2 program uses one optosensor to control the direction the lift moves. If the sensor is true, the 
lift moves up. If the sensor is false, the lift moves down. The procedure is not recursive because the motor 
needs to stop: otherwise the lift would be moving up and down constantly. 


TOLIFT2 
LISTENTO 6 
IFELSE SENSOR? 
[MOVE.UP] 
[MOVE.DOWN] 
END 

to move.up 
talkto "a 
seteven 
onfor 80 
end 

to move.down 
talkto "a 
setodd 
onfor 50 
end 


4 Address the optosensor 
4 If the optosensor is true, 

4 Move the lift up; 

4 Otherwise, move the lift down 


4 Address the motor 
4 Set its direction 
4 Turn it on for 8 seconds 


4 Address the motor 
4 Set its direction 
4 Turn it on for 5 seconds 


The LIFT3 program uses both sensors to control the movement of the lift. The state of the sensor in port 
6 determines whether to move the lift or not. The state of the sensor in port 7 determines which direction 
to move. Notice that with the second sensor added to the system, the user has a way to stop and restart 
the machine, so the procedure can be recursive. 
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Need a Lift? 


TO LIFT3 
LISTENTO [6 7] 

IF (OR SENSOR? = [TRUE TRUE] 
SENSOR? = [TRUE FALSE]) 
[ALL OFF] 

IF SENSOR? = [FALSE TRUE] [UP] 

IF SENSOR? = [FALSE FALSE] 
[DOWN] 

LIFT3 

END 


4 Address both optosensors 

4 If the optosensor in port 6 is true, do not move the lift 
regardless of the state of the sensor in port 7 

4 If the sensor in port 6 is false and the sensor in port 7 is 
true, move the lift up 

4 If both sensors are false, move the lift down. 

4 Keep checking the sensors 


to up 
talkto "a 
seteven 
on 
end 


4 Address the motor 
4 Set its direction 
4 Turn on the motor 


to down 
talkto "a 
setodd 
on 
end 


4 Address the motor 
4 Set its direction 
4 Turn on the motor 


Related Concepts and Extensions 

Students can find the theoretical mechanical advantage of a pulley system or block and tackle by counting 
the number of strands supporting the weight moved. 

Pulleys or sheaves (pronounced “shivs”) are combined to form a block. Two sets of blocks with cables 
are used to form a block and tackle. When blocks are used with chains it is called a chain fall. 

On the Mount Rushmore National Memorial in the Black Hills of South Dakota is carved the faces of 
four American Presidents: George Washington, Thomas Jefferson, Theodore Roosevelt, and Abraham 
Lincoln. 

Teacher Notes 
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rRED LAKE RECOVERY- 

P[E§D(S^ MiF 

Build and program a chassis with a crane attached to it. The crane must pivot out over the rear of the 
chassis. Develop a winch system so the crane can lift a LEGO® vehicle. 



As you consider a design for your crane, keep the following ideas in mind: 

• The weight of the crane must be balanced by some ballast or the crane will be pulled into the lake. 

• Triangles are the strongest structures. 

• Two small triangles are stronger than one large one. 

• A strong structure can be assembled if some parts of the structure are under tension while other parts 
are under compression. 


0P^A§ 

You can control the motor by turning it on for a specific amount of time. If you want more accurate 
control of the distance the vehicle is raised out of the lake and lowered onto the ground, you can use 
feedback from the optosensor and counting wheel instead. 

Seteven and setodd are useful commands to learn when you wish to control the direction your 
motor turns. You can read about them in the LEGO TC logo Reference Guide. 
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Red Lake Recove 



Objectives 

The student will be able to identify parts of a triangle 
that are under compression and tension. 


Description of the Problem 

A heavy object must be lifted by a device but the device cannot be positioned near the object. The device 
must spread the resulting load of the object and its own weight over a large area. A model tractor trailer 
rig can remain attached to the chassis carrying the crane. 


Building Ideas 

In addition to the TCI elements, string is needed for the pulley system. A string or cable can be used to 
hold the crane in one position. The superstructure attaches to the chassis at a point using a moveable joint 
so the crane can pivot forward and backward. 


In the model below two triangles are used: a long triangle near the base and a shorter 
one near the top. The shorter one supplies the reach needed for the crane. 




One motor operates a cable to lift the object. Students may wish 
to add another motor either to operate the tractor rig or adjust 
the cable to different positions. 







Red Lake Recovery 


Programming Ideas 

The RECOVER superprocedure uses two subprocedures to raise and lower the LEGO® vehicle over a 
specific time interval using the onfor command. Notice that the crane motor is on for 5 seconds in the 
raise subprocedure and on for 4 seconds in the lower subprocedure. The time difference reflects the 
influence of gravity. 


TO RECOVER 
RAISE 
WAIT 20 
LOWER 
END 

to raise 
talkto "a 
seteven 
onfor 50 
end 

to lower 
talkto "a 
setodd 
onfor 40 
end 


4 Lift up the vehicle 

4 Pause for 2 seconds to move the rig away from the lake 
4 Set the vehicle on the ground 


4 Address the motor 
4 Set its direction 
4 Turn it on for 5 seconds 


4 Address the motor 
4 Set its direction 
4 Turn it on for 4 seconds 


In the RECOVER2 program, the subprocedures are modified so that input from an optosensor and 
counting wheel calculates the distance the vehicle moves up and down. Using feedback from the 
optosensor and counting wheel eliminates the problems encountered in the original R ECOVE R program 
above, in which time sequences control the motor. 


The procedures below assume the 8 black/8 white side of the counting wheel is facing the optosensor. 
If students use the other side (4 black/4 white) they will probably need to reduce the counter amounts in 

raise2 and lower2 by half. 


TO RECOVER2 

RAISE2 4 Lift up the vehicle 

WAIT 20 4 Pause for 2 seconds to move the rig away from the lake 

LOWER2 4 Set the vehicle on the ground 

END 
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Red Lake Recovery 


to raise2 
talkto "a 
seteven 
on 

listento 6 
resetc 

waituntil [counter > 96] 

off 

end 

to lower2 
talkto "a 
setodd 
on 

listento 6 
resetc 

waituntil [counter > 96] 

off 

end 


4 Address the motor 
4 Set its direction 
4 Turn on the motor 
4 Address the optosensor 
| Reset the counter to 0 

4 Wait until the system “sees” over 96 white to black 
changes of the counting wheel 
4 Turn off the motor 


4 Address the motor 
4 Set its direction 
4 Turn on the motor 
4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until the system “sees” over 96 white to black 
changes of the counting wheel 
4 Turn off the motor 


Related Concepts and Extensions 

Tension is the stress that pulls materials apart. You apply tension to a rubber band by stretching it. 
Compression is a force that squeezes materials together. The forces which cause compression and tension 
within a structural frame must be balanced or the structure will collapse. 

A crane must be capable of supporting its own weight (its static load) as well as that of the object it must 
lift (its dynamic load). 

As the reach of the crane increases, what happens to the cable holding the crane upright? Ask students 
to identify each supporting piece of the crane and label each as being under compression or tension. 


Teacher Notes 
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ROWDY ROTOR- 

P>i§0(SM Mi IF 

Build and program a machine that rotates a paper drum-like container. The paper drum should be able 
to contain many loose LEGO® elements as it revolves at various speeds. Perform experiments by placing 
different objects, such as LEGO elements in the center of the paper drum and observing what happens 
when the rotating machine moves at various speeds. 

[BPDILPDIN]^ 1PHM 

A heavy paper and tape can be used to make a container for the LEGO elements. The container holding the 
loose LEGO elements must rotate fast enough to hold them against the vertical wall while the motor runs. 

You can use the optosensor and the counter command to calculate the revolutions per second (or 
minute) of your rotor. 

Setpower can be used with a variable input. To create a variable in your procedure you can simply give 
the variable a name when you define your procedure: 


to go : level 

talkto "a 
setpower:level 
onfor 50 
end 


4 You create a variable called level when you define your 
procedure 

4 Address the motor 

4 Set the motor power to the level input by the user 
4 Turn the motor on for 5 seconds 


In the above procedure the variable level is used as an input to setpower. When you run the go 
procedure you must enter a number also. For example, you can type go 3 in the Command Center to run 
the goprocedure and to make 3 the value of the variable level. Try othernumbers butremember setpower 
only likes numbers from 1 to 7. For more information about variables, see How To Create Variables in 
the How To section. 

You can also use LEGO TC logo to record your observations. See the section How To Use Word 
Processing Commands in the How To section. 
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Rowdy Rotor 

Objectives 

The student will be able to demonstrate the centrifugal 
effects on objects in motion using a rotating machine. 





Description of the Problem 

A drum-like container to hold small objects such 
as LEGO® elements must be built. The container 
must be designed and programmed to spin fast 
enough to force the objects against the outside 
wall. Students can then perform experiments 
using their program to increase the speed the 
container turns and observe the effect of increasing 
speed upon objects placed in the center of the 
container. 


Building Ideas 

A heavy paper and tape can be used to construct 
the rotating container. 

Students should use a belt drive to add slippage in 
the final drive system. Slippage is needed so that 
the spur gears do not shear when the motor is 
turned off. The final drive can be made using the 
black rim for the tire and a bushing. 






docto 








Rowdy Rotor 


Programming Ideas 

The go procedure calculates the speed of the rotor in revolutions per minute and prints the result on the 
turtle graphics side of the page. To run the procedure type go 1 (or any integer from 1 to 7) in the 
Command Center. A demonstration of the centrifugal effect can be performed using this model. Have 
students put 30 chain links in the center of their rotor bins and run the go procedure at level 1. How many 
chain links are left in the center? Students can type in their comments under the results printed on the 
screen by the go procedure. After writing their comments, ask students to put the 30 chain links back in 
the center of the bin, and try go at level 2. They can repeat this procedure for all levels and compare 
the results. 

to go: level 
talkto "a 
seteven 
setpower:level 
on 

listento 6 
resetc 
resett 

waituntil [timer > 100] 
off 
ht 

(print [go]:level [rpm =] 

(counter / 4) / (timer /10)) 
end 

The student Programming Ideas section describes how to create a variable local to a procedure as in the 
go procedure above. Variables are as important concept in programming as they are in math. For more 
information about using variables in LEGO® TC logo, see the make and name commands in the LEGO 
TC logo Reference Guide and How To Create Variables in the How To section. 

Related Concepts and Extensions 

Centrifuges, machines designed to take advantage of the centrifugal effect, have many uses. For example, 
they are used in medical research to determine the sedimentation rates of blood samples. The dairy 
industry uses these machines on dairy farms to separate cream from milk and in laboratories to perform 
experiments on butterfat. 

Roadbeds are inclined or banked to counteract the centrifugal effect by increasing centripetal force. A 
car which is turning can be thought of as rotating like an amusement park ride: a turn is part of a rotation. 
The centrifugal effect of this turn changes with the speed of travel and the mas s of the vehicle. The maximum 
speed at which a vehicle may safely turn a corner is determined by both the mass of the vehicle and its 


4 The procedure needs one input 
4 Address the motor 
4 Set its direction 

4 Set the power of the motor to the variable input number 
4 Turn on the motor 
4 Address the optosensor 
4 Reset the counter to 0 
4 Reset the timer to 0 

4 Wait for 10 seconds while the container rotates 
4 Turn off the motor 
4 Flip the page and hide the turtle 

4 Calculate and print the power level of the motor and the 
rpm 



dicto 




LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 


Rowdy Rotor 


speed. Lighter vehicles tend to be able to turn and maneuver at higher speeds than heavier ones. Consider 
this in relation to race cars. See Joy Ride in the Transportation section for a related activity. 

Teacher Notes 
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rTHIS OLD HOUSE- 

IMDEIF 

Build and program a scaffold that can be raised and lowered using a motorized winch system. 



You can use a worm gear to slow the motor's movement. 

A “scissor jack” is an efficient way to design the legs so the scaffold platform remains parallel as it moves. 


!M©(SKAMMDH<g, DPI A' 


Write one procedure that raises the scaffold and one that lowers the scaffold. You can use input from the 
optosensor and counting wheel to indicate when the scaffold has moved the correct distance. 
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This Old House 



Objectives 

The student will understand how parallel movement 
between two surfaces can be achieved utilizing a 
scissor jack. 


Description of the Problem 

A platform that can be moved to different elevations must be designed. A scissor jack can be powered 
by a slow moving winch mounted on the fixed end of the scissor jack platform. The winch can raise and 
lower the scissor jack and the attached platform. 

Building Ideas 

In addition to the LEGO® elements, string is necessary for the winch system. 
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This Old House 


Programming Ideas 

The UP procedure raises the scaffold. The DOWN procedure lowers the scaffold. Both use the 
wait.for.counter procedure to accurately control the distance moved. 


The procedures assume the 4 black/4 white side of the counting wheel faces the optosensor. 


TO UP 
TALKTO "A 
SETEVEN 
ON 

WAIT.FOR.COUNTER 

OFF 

END 

TO DOWN 
TALKTO "A 
SETODD 
ON 

WAIT.FOR.COUNTER 

OFF 

END 


to wait.for.counter 
listento 6 
resetc 

waituntil [counter > 90] 
end 


4 Address the motor 
4 Set its direction 
4 Turn it on 

4 Wait until the scaffold has raised the proper distance 
4 Turn off the motor 


4 Address the motor 
4 Set its direction 
4 Turn it on 

4 Wait until the scaffold has lowered the proper distance 
4 Turn off the motor 


4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until optosensor sees more than 90 changes of the 
counting wheel from white to black 


Related Concepts and Extensions 

The theoretical mechanical advantage of a machine can be found by calculating its overall gear ratio. One 
method for calculating the gear ratio involves counting the teeth for each pair of gears and dividing the 
output gear teeth by the input gear teeth. The scaffold's overall gear ratio is as follows: 

output 24 x 24 x 24 _ 216 
input 18 8 1 


So discounting friction, the mechanical advantage of the scaffold's gear system is 216. 

One turn of the worm gear advances any gear connected to the worm gear by one tooth. Worm gears are 
self docking gears. 
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This Old House 


To study gear ratios further, try the suggestions in the Related Concepts and Extensions section of the 
After You activity. 

The model shown in the Building Ideas section uses a scissor jack to raise the platform. Another way to 
cause parallel movement between two surfaces is to construct a diamond pattern with the beams. Then 
to raise the platform, students can winch the center section of the beams together. 

For other ideas related to controlling the scaffold, see the Need a Lift activity in the Production/ 
Construction section or the Joy Ride activity in the Transportation section. 

Teacher Notes 
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WHAT'S the HOLD UP?- 

[P^H§D(SINI IBtPIO [EtF 

Build and program a gantry crane that can help the crew unload a ship. The crane's winch must be 
positioned above the cargo being lifted out of the ship’s hold. The winch must be able to move over the 
dock and lower the cargo. 

You can use a cogged center driving gear for the drive mechanism to move the overhead winch system. 
A fixed chain can be used for the cog rail. Two pulleys can hold the cogged winch system between two 



Program one motor to wind the winch up and down. Program the other motor to move the whole winch 
system to the left and right (port and starboard) sides of the ship. 

You can create an "instant control" program to change the direction of either motor and set the power 
level of the motors using the make and readchar commands. Below is an example. 


TO CONTROL 

MAKE"KEY READCHAR 

IF :KEY = "A [TALKTO M A] 

IF :KEY = "B [TALKTO M B] 

IF :KEY = "Q [ALLOFF STOP] 

IF :KEY = 5 [SETPOWER 5 ON] 
IF :KEY = "O [OFF] 

CONTROL 

END 


4 Create a variable called key and set its value to a 
character the user types 

4 If the user types a, address the motor in port A 
4 If the user types b, address the motor in port B 
4 If the user types q, turn off everything and stop the 
procedure 

4 Set the current motor to power level 5; turn it on 
4 Turn off the motor currently addressed 
4 Keep running the procedure 


CONTROL is a recursive program—it continues calling itself and checking the value of the variable 
key. Readchar reads one key you type on the keyboard. What happens when you type b, then 5, then 
O? Type q to quit the procedure. 

What other lines can you add? See How to Control from the Keyboard in the How To section for 
additional ideas. 
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What's the Hold Up? 




Objectives 

The student will demonstrate how cog systems can 
be used to move objects. 


Description of the Problem 

A cog system consists of a slow moving gear engaged with a fixed chain. Students must build a system 
which moves along overhead beams using a cog. Then they can assemble a winch on the cog platform 
to lift cargo up and down. This type of system is called a gantry because its framework spans a large area. 

Building Ideas 

In addition to the LEGO® elements, string will be necessary for the pulley systems. 

































What’s the Hold Up? 


Programming Ideas 

The CONTROL procedure allows students to control the speed and direction of both motors: the motor 
driving the winch system back and forth across the gantry framework and the motor turning the axle of 
the winch. Students type in a character to indicate the direction a motor should move and then a number 
indicating the power level at which the motor should move. Four subprocedures, Starboard, port, up 
and down, control both motors and two directions for each motor. Pressing q turns off both motors and 
stops the program. 


TO CONTROL 
MAKE"KEY READCHAR 

IF :KEY = "P [PORT] 

IF :KEY = "S [STARBOARD] 

IF :KEY = "Q [ALLOFF STOP] 

IF :KEY = "U [UP] 

IF :KEY = "D [DOWN] 

IF :KEY = "O [OFF] 

IF NUMBER? :KEY [SP.ON :KEY] 

CONTROL 

END 


4 Create a variable called key and set its value to a 
character the user types 

4 If the user types p, set the winch system to move port 
4 If the user types s, set the winch system to move 
starboard 

4 If the user types q, turn off everything and stop 
4 If the user types u, set the winch's motor to lift objects 
4 If the user types d, set the winch's motor to lower 
objects 

4 Turn off the motor currently addressed 
4 If the user types a number, set the power level to that 
number and turn on the motor 
4 Keep running the procedure 


to sp.on :key 

if or :key < 1 :key > 7 [stop] 

setpower :key 

on 

end 

to starboard 
talkto "a 
seteven 

end 


4 If the number typed is less than one or greater than 7, 
stop the procedure; 

4 Otherwise, set the power level to the number entered by 
the user 

4 Turn on the motor addressed in last talkto command 


4 Address the motor moving the winch across 
4 Set its direction to move to the starboard or right side of 
the ship it is unloading 


to port 
talkto "a 
setodd 

end 


4 Address the motor moving the winch across 
4 Set its direction to move to the port or left side of the 
ship it is unloading 
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What's the Hold Up? 



to up 
talkto "b 
seteven 
end 

to down 
talkto "b 
setodd 
end 


4 Address the motor that lifts and lowers 
4 Set its direction to lift objects 


4 Address the motor that lifts and lowers 
4 Set its direction to lower objects 


Related Concepts and Extensions 

The overhead beams of the gantry framework are under both compression and tension. The loading force 
of the winch lifting system pushes together the top part of the beam and pulls apart the bottom. The effect 
of the downward force of the load increases as the distance from the end of the gantry support increases, 
so the maximum effect occurs when force is applied in the center of the gantry. A loading curve is usually 
developed to describe this effect on the gantry framework. 


Cut a small “v” notch across the center of a length of rigid foam. Notch the underside of the foam. Place 
the foam on two supports and gently press down on it. Observe the effects of compression and tension 
in the foam. Tension forces are minimized when the top section of the gantry is curved. 

If students wish to more precisely control the distance their gantry crane's winch system lifts and lowers, 
they can use the optosensor and counting wheel for feedback. See How To Use the Counters in the How 
To section or refer to the concept grids in the beginning of each activity section to find other ideas and 
activities using the counter. 

Teacher Notes 
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Production / Manufacturing 







Overview 

Manufacturing is not new. It had its beginnings before the nineteenth century when 
individuals produced the entire product. In the 1800s, the factory system began. 
Workers were assigned a task and performed one operation toward the completion 
of the item being produced. Mass production soon followed with standardized parts 
which greatly increased the production rate. 

Modem manufacturing systems use computers to control machines and the entire 
flow of raw materials from the beginning to the finished product. Computer integrated manufacturing 
(CIM) combines the business part of manufacturing with the actual production of the product. To help 
businesses remain competitive, computer aided manufacturing (CAM), computer aided design (CAD), 
and computer integrated manufacturing (CIM) have all become part of the manufacturing system. 

Manufacturing is explored in schools to give students an understanding of industry and to expose them 
to the many jobs available. Today’s well-equipped technology production/ manufacturing laboratory 
can model manufacturing processes in which computers control the movement of items being 
manufactured. Most manufacturing operations can be modeled using LEGO® TC logo to build models 
such as a punch press, robot arm, conveyor, and drill press. Utilizing several computers and LEGO TC 
logo models, a complete production line can be simulated with a continuous flow of materials 
being processed. 

Following is a list of the ten Production/ Manufacturing activities in alphabetical order. The descriptive 
names of the activities and the models presented as a solution for each activity are listed. Refer to the grids 
on the next pages for an overview of the building and programming levels for each activity, and key 
LEGO® TC logo, science, and math concepts related to each solution. Keep in mind that all activities are 
open-ended and many solutions at different building and programming levels are possible. Also, 
solutions involving other scientific or mathematical principles are likely. The same grids are used in each 
of the four sections as a handy cross reference for all activities. 



Activity Name 

A Drill a Minute 
A Good Punch 
A Polished Act 

Auto Dip 
Get a Grip 
How Many? 

In a Pinch 
Out of Sorts 
Pressing Matters 
Put It There 


Model 

Drill press 
Punch press 
Tumbler 

Electroplater 

Gripper 

Double conveyor 
Gripping robot arm 
Swing-arm conveyor 
Safety shield 
Jointed-arm robot 


Other Materials Needed 


Film can, abrasive cleanser, 
rocks 

String, paper cups 

Objects to sort 
Objects to grip 

Tape (optional) 

Objects to move 



1 



Activities 

LEGO®TC 

logo Commands X. 

and Concepts* x. 

A Drill a Minute 

A Good Punch 

A Polished Act 

Auto Dip 

Get a Grip 

How Many? 

In a Pinch 

Out of Sorts 

Pressing Matters 

Put It There 

Building level 

aa 



aa 





aa 

aa 


■a 

i> 

■a 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

aa 

Programming level 

n 
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n 


n 

n 

n 

O 

n 

n 

n 

n 

n 

n 


n 

n 

n 

n 

n 

n 

n 

n 

n 
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Conditionals (if, ifelse) 

X 


X 


X 

X 


X 

X 

X 

Conditionals with and. or 

X 








X 


Counter to check if moving 





X 






to count objects 






X 


X 


■ 

to measure degrees 







X 




to measure linear distance 


X 


X 


X 




mm 

to measure rotations 

X 


X 





X 

X 


to measure speed 






X 





Joystick control 











Keyboard (instant) control 









X 

X 

Member?, number? 

X 


X 







X 

Optosensor as an “electric eve” 





X 

X 


X 

X 


as a switch 











to follow a line 











Pulsewidth 











Recursion 





X 

X 


X 

X 

X 

Repeat 

X 

X 


X 



X 



X 

Setting motor direction 

X 

X 


X 

X 

X 

X 

X 

X 

X 

Setting motor/ light power 

X 

X 

X 



X 


X 

X 

X 

Subprocedures 

X 

X 


X 

X 

X 

X 

X 

X 

X 

Timer 






X 

X 



X 

Tone 











Turtle page procedures 











Variables, global and local 

X 

X 

X 


X 


X 


X 

X 

Wait 

X 

X 


X 


X 

X 



X 













* Commands such as talkto, on, off, listento and waituntil are used in most activities so they are not 
included in this grid. 





Pressing Matters 






















x. Activities 

Applied x. 

Mathematics \ 

A Drill a Minute 

A Good Punch 

A Polished Act 

Auto Dip 

Get a Grip 

How Many? 

In a Pinch 

Out of Sorts 

Pressing Matters 

Put It There 

Absolute values 











Averaging 











Binary and other bases 











Calculating values (+-*/) 

X 

X 

X 

X 

X 

X 

X 

X 

X 


Fractions and decimals 







X 



X 

Gear and pullev ratios 

X 







X 

X 


Measuring angles 







X 


X 

X 

Distance 

X 

X 


X 

X 

X 


X 

X 

X 

Circumference 











Mass (weighing) 




X 



X 




Using variables 

X 

X 

X 




X 



X 



















A DRILL a MINUTE 





■A DRILL A MINUTE- 

[S^[E§D(S]fKI [BQ^OHIF 

Build and program an automated drill press that can change the drill spindle speed and displace the drill 
(move it up and down) to the distance specified by the user. Your drill press should be able to repeat the 
process for more than one hole. 

Ot^EAS 

To control the displacement of the drill, use both gear racks attached to an upright beam. A worm gear 
can help you gear down the motor. 

Incorporate the optosensors and counting wheels into your design so you can measure the cutting speed 
(cs) of the drill and the distance the drill moves up and down (displacement). 

[p[MM[MMMD!NI<& OlPEAg 

Many machines use feedback from sensors to tell you how fast and how far they move. You can do the 
same with your drill model using LEGO® optosensors. Use one optosensor to find out how far the drill 
system can move up and down. Then use the optosensor feedback to control the drill’s displacement. Use 
the other optosensor to find the speed of the drill in revolutions per minute (rpm). Once you know the 
range of speeds your drill moves, you can program it to run at a speed requested by the user. 

Using a variable input to repeat, you can program your drill press to drill holes a variable number of 
times, depending upon the number of holes the user wants drilled. 


/A 

* § 

2 

H 

dad 


LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 


A Drill a Minute 



Objectives 

The student will demonstrate drilling operations, 
especially variable drill displacement and drill 
speeds. The student will understand rack and pinion 
movement. 


Description of the Problem 

Drill speed in revolutions per minute (rpm) is a critical factor when repetitive operations are performed. 
Automated drill presses must be operated at different speeds depending on the material being drilled, and 
must be able to move up and down to accommodate different sizes of objects. The rpm and the drill 
displacement can be controlled by a computer. A rack and pinion can be used to change rotary motion 
into straight line motion. 


Building Ideas 

In the model shown below, gear trains controlling the power for the drill speed and drill displacement 
are mounted on a frame that moves up and down using a rack and pinion subsystem. Feedback from one 
optosensor determines the rpm. Feedback from the other optosensor controls the displacement. 
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A Drill a Minute 


Programming Ideas 

The DRILL program allows users to enter the number of holes they wish to drill, the cutting speed at 
which they wish to drill, and the distance up and down they wish the drill to move. Users type DRILL 
to run the program and then respond to the questions by entering an appropriate number and pressing 
Return or Enter. 

TO DRILL 

NUMBER.OF.HOLES 
CUTTING.SPEED 
DISPLACEMENT 
REPEAT:HOLES 

[TALKTO [A B] 

SETEVEN 
MOVE.DRILL 
WAITS 
TALKTO "B 
SETODD 
MOVE.DRILL 
WAIT 5] 

END 

to number.of holes 
cc 

type [Enter the number of holes you 
would like drilled] 

make "holes first readlistcc 4 Create a variable called holes and set its value to the 

number input by the user 

end 

to cutting.speed 

CC 4 Clear the Command Center 

type [Enter cutting speed in rpm 
(915,714 or 333)] 

make "CS first readlistcc 4 Create a variable called cs and set its value to the number 

input by the user 

talkto "a 4 Address the motor rotating the spindle 

set. level 4 Set the power level of the motor for the appropriate speed 

desired by the user 


4 Find out how many holes the user wants to drill 
4 Find out the speed at which the user wishes to drill 
4 Find out how far down the drill must move 
4 Repeat the list of commands for the number of holes the 
user wants drilled 
4 Address both motors 
4 Set their direction 

4 Move the drill down and rotate the spindle 
4 Pause for half of one second 
4 Address the motor moving the drill up and down 
4 Set its direction the opposite way 
4 Move the drill up 
4 Pause for half of one second 


4 Clear the Command Center 



I dacfco 


end 




A Drill a Minute 


to set.level 

if not member? :cs [915 714 333] 4 If the user entered a number not in the list, request a 

different number 

[type [please enter 915, 714 or 333] 
wait 10 cutting.speed] 

if :cs = 915 [setpower 7] 4 If the cutting speed requested is 915, set the power level to 7 

if :cs = 714 [setpower 6] 4 If the cutting speed requested is 714, set the power level to 6 

if :CS = 333 [setpower 4] 4 If the cutting speed requested is 333, set the power level to 4 

end 

to displacement 
cc 

type [Enter displacement (1-55 mm)] 
make "displace first readlistcc 

check.displace 
end 

to check.displace 

if or displace < 1 :displace >55 4 If the number entered by the user is less than 1 or greater 

[type [Please enter a number than 55, request another input from the user 

between 0 and 55] wait 10 
displacement] 
end 

to move.drill 
listento 7 

resetc 
on 

waituntil [counter > displace * 3.2] 


off 
end 

to drill.hole 

talkto "a 4 Address the spindle motor 

onfor 10 4 Turn it on for 1 second 

end 


4 Address the optosensor next to the motor moving the drill 
up and down 
4 Reset the counter to 0 
4 Turn on the motor(s) 

4 Wait until the counter is greater than the distance 
requested by the user multiplied by the calibration factor 
in counts/millimeter 


4 Clear the Command Center 

4 Create a variable called displace and set its value to the 
number requested by the user 
4 Verify that an appropriate number was entered 
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A Drill a Minute 


Developing a program such as DRILL involves several steps. Here is a suggested order of events to solve 
the programming side of the problem. 

A Variable for the Number of Holes 

Students can write a procedure such as number.of.holes to request input from users for the number 
of holes they wish to drill. Number.of.holes creates a variable called holes. Then holes is used with 
the repeat command to repeat the drilling process. (Students should note how the names of the 
procedures and variables make remembering their function easier.) 

Cutting Speed 

To calculate the drill’s cutting speed (cs) in rpm, students can attach the counting wheel with 4 black / 
4 white slices next to the optosensor controlling the rotation of the drill spindle. Then they can type 

listento 6 resetc talkto "a setpower 7 onfor 600 show counter / 4 

Students should try this 2 or 3 times and find the average of their results. After finding the cutting speed 
for setpower 7, they can try other levels to find the various cutting speeds the spindle can move. Some 
setpower levels may not be powerful enough to move the spindle reliably; others may be too fast. 

Knowing the range of cutting speeds, students can create a procedure such as CUtting.speed to request 
a cutting speed from the user and automatically set the power level of the motor for the appropriate speed. 

Calculating Displacement 

After finding the cutting speed, students can find the displacement of the drill. Displacement can be 
measured in many different units. This example uses millimeters. 

First, student must measure the distance the drill can move up and down. On the model shown in the 
Building Ideas, the vertical distance is the length of the two gear racks, end to end, which is 63 millimeters 
(or about 2.5 inches). To find the number of counts relative to the distance traveled, students can type 
listento 7 resetc in the Command Center. Then they can move the displacement motor up the entire 
rack length (they can j ust plug the motor wire into the test port until the machine moves the right distance) 
and type show counter. 

Assuming the counter equals 204 after moving 63 mm, the calibration factor of counts to distance moved 
is 204 / 63 = 3.2 counts per mm. 

Using this information, students can write a procedure such as displacement to request input from the 
user for the displacement distance. Then they can write a procedure like move.drill to move the drill 
the distance entered by the user. 

Note that in the procedure displacement, users are asked to enter a number between 1 and 55 even 
though the drill can actually move up to 63 mm. The range of 1 to 55 allows some leeway so the drill press 
is not caught at the top or bottom of the gear rack. 
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A Drill a Minute 


Related Concepts and Extensions 

MATERIAL CUTTING SPEED 


Aluminum 250 

Stainless steel 75 

Thermoplastic 200 

Cast iron, hard 60 

Cast iron, soft 150 


Larger drills must operate at slower rpm in order to cut efficiently. Students can change their models and 
programs so one of the optosensors detects when the material to be drilled is present. They can also 
combine their drill presses with conveyor systems. 

Teacher Notes 
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AGOODPUNCH 



Mary Lynn andRobertmade several notebooks outofrecycledpaperto usefor their classnotes. They need 
a better way to punch holes through the paper so they can attach a binder to hold the notebook together. 


DIMA H®(S 
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A GOOD PUNCH- 

IMDilF 

Build and program a punch press machine that automatically punches holes as the stacks of paper pass by. 

[Byi[UW<gi OPIM 

Construct two power subsystems. Use one subsystem to control a conveyor belt. Page 5 of the 1090 D 
building instructions can help you make the conveyor. Use the other subsystem to power the ram for the 
punch press. LEGO® beams can be your “stacks of paper.” 

DIMM 

Use subprocedures to control each aspect of the punch press: moving the “stacks” into position, punching 
a hole, repositioning the beam, punching another hole and removing the finished “stack.” Then you can 
write one superprocedure that repeats the subprocedures in the correct sequence for several “stacks.” 


When you define your procedure, you can include a variable for the number of times the punching cycle 
is repeated. 
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A Good Punch 



Objectives 

The student will understand how circular movement 
can be changed into horizontal or vertical movement 
using a gear rack. The student will demonstrate the 
sequencing of two different operations. 


Description of the Problem 

To punch holes into a piece of material, a conveyor moves it into the specific positions. The ram for the 
punch moves on a rack at right angles to the piece being punched. Feedback from an optosensor controls 
the distance the conveyor moves. 


Building Ideas 

A conveyor can be assembled similiar to the one on page 5 of the 1090 D instructions. Another subsystem 
can then be built to power the rack for the punch. It is probably easier to design the rack so the travel of 
the rack is parallel to the ground. See the A Drill a Minute activity for ideas related to building a vertical 
rack. 


If students wish to use 
feedback to control the 
movement of the punch, 
they can plug the 
optosensor into port 7 



Align the beams to be 
punched with this beam 
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A Good Punch 


Programming Ideas 

The superprocedure CYCLE controls the punch press. It repeats the sequence for punching two holes 
in a beam a variable number of times, depending upon the user input. Typing CYCLE 3 repeats the 
sequence for three different beams. The counter values used in the subprocedures assume that 6-stud 
beams are being punched. When loading beams to be punched, students should line up the end of the beam 
with the end of the conveyor belt’s side wall. 


TO CYCLE :NUMBER 
REPEAT :NUMBER 

[LOAD.BEAM 

PUNCH 

NEXT.HOLE 

PUNCH 

DUMP.BEAM 

WAIT 20] 

END 

to load.beam 
talkto "a 
seteven 
on 

listento 6 
resetc 

waituntil [counter > 2] 

off 

end 

to punch 
talkto "b 
seteven 
setpower 2 
onfor1 
setodd 
onfor1 
end 

to next.hole 
talkto "a 
on 

listento 6 


4 Repeat the list of commands a variable number of times, 
depending on the user input 
4 Move the beam in position to punch the first hole 
4 Punch a hole 

4 Move the beam to the next position 
4 Punch a hole 

4 Move the beam off of the conveyor 
4 Pause for two seconds to allow the user to place another 
beam on the conveyor 


4 Address the conveyor motor 
4 Set its direction 
4 Turn it on 

4 Address the optosensor 
4 Reset the counter to 0 

4 Allow the conveyor to move the beam into position 
4 Turn off the motor 


4 Address the ram motor 
4 Set its direction 
4 Set it to a low power 

4 Turn it on for one tenth of one second to punch a hole 
4 Reverse the direction of the motor 
4 Move the ram back 


4 Address the conveyor motor 
4 Turn it on 

4 Address the optosensor 
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A Good Punch 


resetc 

waituntil [counter > 1] 
off 
end 

to dump.beam 
talkto "a 
on 

listento 6 
resetc 

waituntil [counter > 6] 
off 
end 

Related Concepts and Extensions 

Challenge students to build a machine strong enough to punch holes in wax paper. They can mount the 
wax paper on two beams with a two-stud spacing between the beams. 

Industry uses punch presses for making holes in metal sheeting. To punch metal, the punch presses 
operate much faster and the resulting hole is smoother and more precise. 

Teacher Notes 


4 Reset the counter to 0 

4 Allow the conveyor to move the beam to its next position 
4 Turn off the motor 


4 Address the conveyor motor 
4 Turn it on 

4 Address the optosensor 
4 Reset the counter to 0 
4 Allow the beam to move off the conveyor 
4 Turn off the motor 
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A POLISH ED ACT 



“I found my grandmother’s silver necklace, in an attic truck, ” Mrs. Simpson said, handing it to the 
jeweler. “Can you clean it?” 


DPOEA [LCMi 
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rA POLISHED ACT- 

PE§D<SPI IMOif 

Build and program a tumbling machine for jewelry cleaning and polishing. The operator of the machine 
should be able to select different speeds so the machine can be used to clean different materials. 



Follow the building instructions for the 1090 C model. Modify steps 5 and 6 to include an optosensor and 
counting wheel on the axle moving the tumbler’s “barrel.” 


[PIMMIMMMDINlcS OP 



In order to allow the operator of your tumbler to select a speed, you first need to figure out at what range 
of speeds your machine can operate. You can use the setpower command to change the speed of the 
motor and the input from an optosensor and counting wheel to calculate the revolutions per minute (rpm) 
of the tumbler barrel. You can check the counter for 6 seconds and multiply by 10 instead of waiting an 
entire minute. 


Once you know the range of possible speeds, you can write a program that asks at which speed the 
operator wants to run the tumbling machine and then sets the motor to the appropriate power level. 
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A Polished Act 




Objectives 

Students will learn to calculate the revolutions per 
minute (rpm) of a machine using sensor feedback. 
Students will be able to model an abrasive cleaning 
method for metals. 


Description of the Problem 

Tumbling machines clean metals and other materials by moving them and forcing them to collide with 
abrasive materials. As the abrasives contact the material being cleaned, grime, tarnish and rough surfaces 
are smoothed away. 


A tumbling machine must be designed and programmed to operate at different revolutions per minute 
(rpm).The rpm can be changed by different methods. In the solution explained in these notes, a software 
program controls the speed. 


Building Ideas 

Modify the model shown in the 1090 C building instructions by assembling a counting wheel and 
optosensor on the tumbler barrel’s shaft as shown below. 





A Polished Act 


Programming Ideas 

The procedures below calculate rpm using input from the optosensor and counting wheel mounted next 
to the motor. As the counting wheel turns it activates the sensor. If the 4 black / 4 white side of the 
counting wheel faces the optosensor, the optosensor will be activated 4 times for every revolution of the 
counting wheel. Since the counting wheel is mounted next to the motor, the motor revolves at the same 
rate as the counting wheel. So to find the revolutions per minute of the tumbling machine, students can 
run the motor for 60 seconds and divide the number of counts by 4. Or students can run the motor for 
6 seconds, divide the counts by 4 and multiply by 10. If the 8 black / 8 white side is facing the optosensor, 
they should divide the counter by 8 instead of 4 in the procedures. 


If students are not ready for the more complete solution t o the problem following the Programming Ideas 
suggested in their Design Brief, they can write a procedure like jewelry. The jewelry procedure 
calculates and displays the machine’s rpm after turning on the motor and a light for 6 seconds. 


to jewelry 

listento 6 4 

resetc 4 

talkto [a 3] 4 

setpower 4 4 

onfor 60 4 

show counter / 4*10 4 

end 


Address the optosensor on the tumbler shaft 
Reset the counter to 0 
Address the motor and an indicator light 
Set them to a moderate power level 
Turn the motor and light on for 6 seconds 
Display the rpm 


For a solution following the Programming Ideas in their Design Brief, students can use the rpm and 
TUMBLE procedures. First they must find out at what speeds their tumblers are capable of moving. The 
rpm procedure can be used for that. Students execute the rpm procedure by typing rpm and entering 
the power level for the motor. Rpm uses a variable for the power level. For more information about 
making variables, see How To Create Variables in the How To section. 


to rpm : level 
ht 

listento 6 
resetc 
talkto "a 
setpower:level 
onfor 60 

(print [level = ]:level 

[rpm = ] (counter / 4) * 10) 
cc 
end 


4 Flip the page and hide the turtle 
4 Address the optosensor on the tumbler shaft 
4 Reset its counter to 0 
4 Address the motor 

4 Set its level to the number entered by the user 
4 Turn it on for 6 seconds 
4 Display the power level and the rpm 

4 Clear the Command Center 
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A Polished Act 


Once they know at what range of speeds their tumbler is capable of moving, students can create a program 
like TUMBLE. The TUMBLE superprocedure uses several subprocedures for separate functions: 
requesting a certain speed from the user, checking to make sure the speed is in the range of possible 
speeds, setting the power level of the motor so it moves the proper speed, and turning on the tumbler to 
clean the material in its “barrel.” Students will probably need to change the numbers shown in rpmlist 
based upon their results from running rpm above. 


TO TUMBLE 

MAKE "RPMLIST [125 225 290 335 
400 450] 

GET.RPM 

CLEAN.IT 

END 


4 Create a variable called rpmlist and set its value to the 
list of possible speeds 
4 Request a speed value from the user 
4 Run the tumbling machine at the speed requested 
by the user 


to get.rpm 
cc 

(type [choose rpm from 
this list:] :rpmlist) 
make "speed first readlistcc 

check.speed 

end 


4 Clear the Command Center 

4 Create a variable called speed and set its value to the 
number entered by the user 

4 Make sure the speed entered by the user is in the list of 
possible speeds 


to check.speed 

if not member? :speed :rpmlist 4 If the speed entered by the user is not in the list, 

[CC type [You must enter a 4 Clear the Command Center, remind the user what input 

number from the list] is expected and run get.rpm again 

wait 10 get.rpm] 
end 


to clean.it 
talkto [a 3] 
set.level 

onfor 50 
end 


4 Address the motor and an indicator light 
4 Set them to the power level appropriate for the speed 
requested by the user 

4 Turn the motor and light on for 5 seconds 


to set.level 

if :speed <125 [setpower 1 ] 4 If the speed entered is less than 125, set the power level 

to 1 

if :speed = 125 [setpower 2] 4 If the speed entered is 125, set the level to 2 
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A Polished Act 


if :speed = 225 [setpower 3] 
if :speed = 290 [setpower 4] 
if :speed = 335 [setpower 5] 
if :speed = 400 [setpower 6] 
if :speed = 450 [setpower 7] 
end 


4 If the speed entered is 
4 If the speed entered is 
4 If the speed entered is 
4 If the speed entered is 
4 If the speed entered is 


225, set the level to 3 
290, set the level to 4 
335, set the level to 5 
400, set the level to 6 
450, set the level to 7 


Related Concepts and Extensions 

The speed at which the tumbler barrel travels affects how the abrasive materials and the metal move 
inside the machine. At slower speeds, gravity affects the movement of materials inside the tumbler. If 
the rpm of the tumbler is too high, the inertia of the abrasive materials and metal overcomes gravity, 
keeping everything pressed against the sides so the metal is not cleaned. 

Swing a ball on a string in a circle and you can demonstrate the effects of centripetal force and inertia. 
Your hands and the string pull inward on the ball (centripetal force) while the inertia of the ball — its 
resistance to a change in direction — keeps the string taut. Students may say that centrifugal force is 
pulling outward on the string. Centrifugal force, however, is only an imaginary force: it does not exist. 
The interaction of centripetal force and inertia make it seem as if some other force is pulling outward on 
the ball. If students release the string, they will observe the ball flying off in a straight line—this is inertia. 

Students can replace the black tires with film containers. Attached to the black tire rims, the film 
containers function just like real tumblers. If they add small metal beads or steel shot and a few drops 
of an abrasive cleanser, students can try it. 

For a similar programming project, see A Drill a Minute in the Production/Manufacturing section. 

Teacher Notes 
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rAUTO DIP- 

Pi§D(S[Nl IBPOPF 

Build a motorized framework that can move an overhead lifting system back and forth. Your lifting 
system should be able to support and hold an object, and simulate raising and lowering it into an 
electroplating bath and a rinsing bin. 

[MmPOWSi DPiM 

To raise and lower objects, mount a motor and gearing system on the overhead beam of your framework. 
Use a second motor and string system to move the lifting system back and forth on the overhead beam. 

You can use paper cups to simulate the electroplating bath and rinsing containers. 

DPiA§ 

You can control the movement of both motors using the optosensor and counting wheels to accurately 
position the lift and to drop the object to be “electroplated” and “rinsed” the correct distance to the 
containers. 

Well-named subprocedures can help keep your program understandable. 
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Auto Dip 



Objectives 

Students will demonstrate how timers and 
optosensors provide feedback to control a n automatic 
electroplating system. 


Description of the Problem 

A framework and an overhead system for lifting materials into and out of chemical baths must be 
developed. The lifting system itself can be controlled by cables (string) and a motorized mechanism 
mounted near one end of the framework. 


Building Ideas 

Students should test their model to make sure the string moves the lifting system smoothly before 
writing a program. 
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Programming Ideas 

CYCLE is the superprocedure that calls all of the other subprocedures. To run the program, students can 
connect their electroplating systems to interface boxes as shown in the Building Ideas above, position 
their lifting systems on the far end of one side, and type CYCLE in the Command Center. 

CYCLE repeats the lowering and raising of the object twice: once to put it into the electroplating bath 
and a second time to put it into the rinsing bath. To position the lifting system over the first and second 
baths and to move the object up and down the appropriate distances, feedback from the optosensors and 
counting wheels is used to control the motors. 

TO CYCLE 
REPEAT 2 

[MOVE.OVER 
WAIT 5 
DOWN 
WAIT 10 
UP 

WAIT 5] 

MOVE.BACK 
END 

to move.over 
talkto "b 

on 

listento 7 
resetc 

waituntil [counter > 360] 
off 
end 

to down 

talkto "a 4 Address the motor on the lifting system 

seteven 4 Set its direction 

on 4 Turn it on 

wait.for.sensor6 | Wait until the object is lowered into the bath 

off 4 Turn off the motor 

end 


4 Address the motor controlling the movement of the 
lowering mechanism 
4 Turn on the motor 

4 Address the optosensor monitoring the back and forth 
movement of the lifting system 
4 Reset its counter to 0 

4 Wait until the lifting system is in position over the bath 
4 Turn off the motor 


4 Repeat twice the list of commands in brackets 
4 Move the lifting system over to the bath 
4 Pause for half of a second 
4 Lower the object into the bath 
4 Pause for 1 second 
4 Raise the object out of the bath 
4 Pause for half of a second 
4 Move the mechanism back to its starting position 


dttcto 


to up 
talkto "a 
setodd 


4 Address the motor on the lifting system 
4 Set its direction 




Auto Dip 


on 

wait.for.sensor6 

off 

end 

to wait.for.sensor6 
listento 6 
resetc 

waituntil [counter > 170] 
end 

to move.back 
talkto "b 

rd 

on 

listento 7 

waituntil [counter > 720] 

off 

end 


4 Turn it on 

4 Wait until the object is raised from the bath 
4 Turn off the motor 


4 Address the optosensor on the lifting system 
4 Reset its counter to 0 

4 Wait until the object has moved the correct distance 


4 Address the motor controlling the movement of the 
lowering mechanism 
4 Reverse its direction 
4 Turn it on 

4 Address the optosensor counting the back and forth 
movement of the lifting system 
4 Wait until the lifting system has moved back to its starting 
position 

4 Turn off the motor 


Related Concepts and Extensions 

The procedures operating the electroplating system use feedback to control the distance traveled back 
and forth and up and down. Feedback is needed because the power needed to raise and lower various 
weights a given distance changes with the weight being moved. Gravity aids movement in one direction 
and hinders movement in the other direction, so the raising and lowering times will differ. Also, after 
repeated horizontal movement, the position of the mechanism will be affected by friction in the 
mechanism. 

Students can write procedures to control the electroplating system using time (onfor) rather than 
feedback from the optosensor. See the Get Over It activity in the Production / Construction section for 
specific programming ideas. 

Students can also measure the effect of removing some of the friction in the electroplating system. Using 
onfor statements to control the horizontal movement of the lifting system, they can measure the distance 
it travels for a specific time period. Next, students can carefully spray each shaft bearing and the overhead 
beam with a silicon spray. Finally, they can measure the distance traveled for the same time period. What 
effect does the silicon spray have on the movement of the lifting system? 
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Teacher Notes 
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6ETaCRIP 



Marty and Tanya are designing moving dinosaurs as part of a new exhibit for the science museum. They 
have already designed a head that turns. Now they want to create a mechanism that enables the dinosaur 
to grip its food. 

DPEA H@(£, 
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rCET A GRIP 


BOi^D^tN] IBO^DHtF 

Create a gripping mechanism. Your gripper should detect an object and close when the object is present. 
In order to demonstrate how the system works, build a stand for your gripper or design it so that it can 
stay upright by itself. Two safety features should be incorporated into your design. 



You can design the gripper's j aws to move on a rack and pinion subsystem. By including an optosensor 
and light in the gripper jaws, you can create an “electric eye” so the gripper detects objects. A jaw that 
“breaks away” when undue pressure is exerted can prevent excessive damage to the gripper. 


(S DIBI 



Write a program that uses the electric eye to detect an object in the gripper jaws and closes the gripper 
jaw to hold the object. As a safety feature, you can use another optosensor and counting wheel to stop 
the motor when the gripper has grasped the object. 
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Get a Grip 




Objectives 

Students will recognize thatsafety features are important 
components of computer-controlled devices. 


Description of the Problem 

A computer-controlled device to detect obj ects and grasp them can be built using a rack and pinion system 
for the jaws. Students can build into the design two safety factors: one to stop the motor when it cannot 
open or close any farther; and another to break away part of the jaw if this safety check fails. 


Building Ideas 

By building an optosensor into one jaw and a light into the other jaw, students can create an electric eye 
that detects an object placed in the jaw. A break-away system can be included in one of the jaws by using 
fewer studs and couplings at one of its assembly points. Using another optosensor and a counting wheel 
near the output of the motor allows students to program a safety feature that monitors the motor. 
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Get a Grip 


Programming Ideas 

The G RIP superprocedure waits until something is in the j aw. Then it resets the counter monitoring the 
distance the jaw moves and closes the jaw, checking to make sure the jaw doesn’t close too much and 
crush the object. The move.until subprocedure uses an optosensor and counting wheel to measure 
whether the jaw moved or whether the jaw has closed and cannot move any farther. 


TO GRIP 

WAIT.FOR.THING 
LISTENTO 7 

RESETC 
TALKTO "B 
SETODD 
MOVE.UNTIL 
END 

to wait.for.thing 
talkto 0 
on 

listento 6 

waituntil [sensor?] 
end 


4 Wait for something to be put in the jaw 
4 Address the optosensor next to the counting wheel in 
port 7 

4 Reset the counter to 0 
4 Address the motor 
4 Set its direction to close 
4 Move the jaw until it cannot move any farther 


4 Address the light across from the optosensor 
4 Turn on the light 
4 Address the optosensor in port 6 
4 Wait until it “sees” something in the jaw 


to move.until 
make "old counter 

onfor 5 

make "new counter 

if mew = :old [safe.stop stopall] 

move.until 

end 


4 Create a variable called old and set its value to the current 
counter value 

4 Turn on the motor for half a second 

4 Create a variable called new and set its value to the 
current counter value 

4 Compare the counter values of old and new; if they are 
equal, stop the motor and the program; 

4 Otherwise, keep moving the jaw 


to safe.stop 

alloff 4 Turn off the light and motor and reset the interface box 

type [Machine halted.] 
end 
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Get a Grip 


The LETGO procedure uses the same subprocedure move.until to open up the jaw as the GRIP 
procedure used to close the jaw. The jaw moves open until it cannot move any more. 


TO LETGO 

LISTENTO 7 

RESETC 

TALKTO "B 

SETEVEN 

MOVE.UNTIL 

END 


4 Address the optosensor across from the counting wheel 
4 Reset the counter to 0 
4 Address the motor 
4 Set its direction to open 
4 Move the jaw until it does not open any more 


Related Concepts and Extensions 

Friction can be used to an advantage when designing mechanical devices. Ask students to incorporate 
a belt mechanism in the jaw that allows slippage as the jaws close and pressure increases. 

The electric eye used in the gripper is a straight forward mechanism; however, designing a feature that 
checks whether a specific object is in the gripper jaw is a complex task. Some objects that reflect light 
might confound the optosensor. 


Teacher Notes 
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HOW MANY? 




IF 


Build a conveyor system that sorts two different lengths of materials (such as LEGO® elements) and counts 
the longer items. 

®ympoM(S opim 

Follow the step-by-step building instructions shown in 1090 D to build a double belt conveyor system. 

DPUM 

Choose two LEGO elements to be separated, one twice as long as the other. 


You can use one optosensor and one timer to check the length of the elements on the first conveyor. Use 
the second conveyor to sort the long elements from the short elements. You can also use an optosensor 
on the second conveyor to count elements automatically when the long ones pass by. 

You can sort things other than LEGO elements; however, if the items you choose reflect too much light 
or allow light through, the optosensor will not work properly. 


Mi 
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How Many? 




Objectives 

The student will be able to demonstrate the use of a 
timer and counter in the control of machinery. 


Description of the Problem 

Materials that are different lengths can be sorted by determining how much time they take to travel past 
a given point. The LEGO® motor can be controlled by the timer. If the time is short, the motor will turn 
in one direction and deposit the object at one location. If the time is longer, the motor will turn in the 
opposite direction and deposit the object at another location. 


Building Ideas 

Follow the steps for building the 1090 D conveyor. Test each conveyor before the final assembly. Each 
belt length must be exactly correct. 


Students can build short and long pieces out of the remaining elements in the TCI set. For example, they 
can create different pieces 2-studs long and compare them with pieces 4 or more studs long. If they are 
having problems, students should pay careful attention to the state of the sorting sensor to determine 
whether the sensor sees the object. If too much light is reflecting off of the pieces, students can wrap 
masking tape around them and cover the tape with black permanent marker. 





How Many? 


Programming Ideas 

The sorting program below uses one of the optosensors and the main timer to compare long and short 
elements. If a long element is detected, the second conveyor system moves the element past the other 
optosensor to count it. If a short element is found, the second conveyor moves it the opposite direction, 
depositing it without counting it. Type reset SORT to run the program. 

Students may wish to change the setpower and onfor inputs to speed up or slow down the sorting task. 


to reset 
listento 7 
resetc 
talkto [01] 
on 

talkto "b 

seteven 

setpower 3 

on 

end 

TO SORT 
LISTENTO 6 
WAITUNTIL [SENSOR?] 
RESETT 

WAITUNTIL [NOT SENSOR?] 
SHOW TIMER 
IFELSE TIMER >10 

[COUNT.LONG.THING] 

[DUMP.SHORT.THING] 

SORT 

END 

to count.long.thing 
talkto "c 
setpower 7 
seteven 
on 

listento 7 

waituntil [sensor?] 

wait 10 

off 

ht 

(print [Counter =] counter) 
end 


4 Address the optosensor counting long elements 
4 Reset its counter to 0 
4 Address the lights across from sensors 
4 Turn them on 
4 Address top conveyor motor 
4 Set its direction 
4 Set it to move at a slower speed 
4 Turn on the motor 


4 Address the optosensor "measuring" the elements 
4 Wait for an element to begin passing by 
4 Reset the timer to 0 
4 Wait until the element has passed by 
4 Display the timer 

4 If the time is greater than one second, the element is long, 
so count it; otherwise the element is short, so do not 
count it 

4 keep checking for elements 


4 Address the second conveyor’s motor 
4 Set its power to the highest level 
4 Set its direction so the elements move past the optosensor 
4 Turn on the motor 

4 Address the optosensor counting long elements 
4 Wait until the optosensor sees the element; the counter 
is increased automatically 

4 Wait for the element to drop off the end of the conveyor 
4 Turn off the motor 
4 Flip the page and hide the turtle 
4 Print the current value of counter 
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How Many? 


to dump.short.thing 

talkto "c 4 Address second conveyor’s motor 

setodd 4 Set its direction so it moves the element away from 

the optosensor 

onfor 40 | Turn on the motor for 4 seconds 

end 


The programming task can be made easier by choosing to program either a sorting or a counting task. 
For students not yet ready for the sort and count task, eliminate either of the two portions: the counting 
of long elements or the sorting by size. Below is a procedure that turns on both belts, but uses only one 
optosensor to count ten bricks. 


to count.ten 
listento 7 
resetc 
talkto 1 
on 

talkto [b c] 

seteven 

on 

waituntil [counter > 9] 


off 

ht 


(print [Counter =] counter) 
end 


4 Address the optosensor counting the elements 
4 Reset its counter to 0 

4 Address the light across from the optosensor 
4 Turn it on 
4 Address both motors 
4 Set their direction 
4 Turn them on 

4 Wait until the optosensor sees more than 9 elements; 
Using greater than 9 instead of equal to 10 can prevent 
problems: the equal statement is true only once but the 
greater than 9 statement is true for every case after 9 
4 Turn off both motors 
4 Flip the page and hide the turtle 
4 Display the value of the counter 


Related Concepts and Extensions 

To find the speed the conveyor belt travels, place a small piece of tape on one chain link. Start the 
conveyor and time how long it takes for the marked link to travel to the other end of the conveyor. Divide 
the distance traveled in centimeters by the time to find the belt’s speed in centimeters per second. Divide 
the length of an element by the centimeters per second to determine the time needed for a given beam 
to pass a certain point. If at setpower 7 a 10 cm belt takes 4.7 seconds to completely pass by the 
optosensor, the speed is about 2.1 cm / second. So a 6.3 cm element will take about 3 seconds to pass by. 


Next, write a procedure to measure the objects placed on a conveyor. Put the optosensor and light in ports 
6 and 0 across from each other on the center of the top conveyor belt. Write a procedure to determine 
the length of an element and print its length on the screen. Change the speed of the conveyor. Does this 
affect the level of precision the procedure can measure? 
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How Many? 


to centimeasure 
ht 

listento 6 
resetc 
talkto 0 
on 

talkto "b 
setpower 1 
seteven 
on 

waituntil [sensor?] 
resett 

waituntil [not sensor?] 
print (timer /10) * 2.1 
off 
end 


4 Flip the page and hide the turtle 
4 Address the optosensor on the top conveyor 
4 Reset its counter to 0 
4 Address the light on the top conveyor 
4 Turn on the light 
4 Address the motor 
4 Set its power to the lowest level 
4 Set its direction 
4 Turn it on 

4 Wait until the optosensor sees the element 
4 Reset the timer 

4 Wait until the optosensor does not see the element 
4 Display the length of the element 
4 Turn off the motor 


For this extension it is essential the objects being measured are seen correctly by the optosensor. Solid, 
dull, dark objects are best. 


Teacher Notes 
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IN a PINCH 



For Jody and Max, the job of taking each box off the belt and placing it in a large shipping carton was 
tedious. If they could figure out how to do this automatically, they could attend to other matters and be 
out of the shop at a reasonable hour. 
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IN A PINCH 
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Build a robot arm that picks up an object and places it at the same height, in any position within 360 
degrees of the starting place. 

®yQ[LPD^ 

You can follow the step-by-step directions using the 1090 E card to build a robot arm. However, to 
achieve more precise movement with your robot arm, turn the counting wheel around so the 8 black/ 
8 white side of the counting wheel faces the optosensor. 

DIMM 

Create variables for the number of times you want the robot arm to repeat the pick and place motion and 
for the number of degrees you want the robot arm to turn. In your procedure, you can define variables 
when you define the procedure. For example, a procedure to pick and place something a variable number 
of times you could define as: 

to pickandplace repetitions 
repeat repetitions [pick place] 
end 

Whenyou are calibrating degrees to counts as described below, you canusethe make command to create 
a variable for testing your calibration. Try it! 


make "degrees 45 
show :degrees 


4 Create a variable called degrees and set its value to 45 
4 Display the value of the variable degrees 


You will need to calibrate the number of counts on the counting wheel to the number of degrees the robot 
arm turns. First, make sure the 8 black/8 white side of the counting wheel faces the optosensor. Next, type 
listento 7 and resetc in the Command Center. Then, move your robot arm about 90 degrees using the 
talkto "b and on commands. Finally, type show counter. 

If 50 counts = 90 degrees, then 50 counts / 90 degrees = .556 counts per degree. 

If the motor moves 45 degrees, the motor will be on until counter = 45 degrees * (50 counts ) = 2250 = 25 counts. 

(90 degrees) 90 

Degrees cancel out of the equation, leaving counts. 

Try your result with commands to control the model: 

talkto "b on listento 7 resetc waituntil [counter > :degrees *.556] off 

Then write procedures to control your robot arm. 


El ,. 
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In a Pinch 



Objectives 

The student will know how to combine subproce¬ 
dures to form new procedures. The student will 
understand pick and place manufacturing operations. 


Description of the Problem 

Materials must be collected from one manufacturing operation and moved over to another location on 
the production line. The operation must be repeated many times. 

Building Ideas 

Students can follow step by step instmctions for the robot arm on the building instmctions labelled 1090 E. 
However, to achieve more precise movement with the robot arm, students can turn around the counting wheel 
so the 8 black/8 white side faces the optosensor. The length of the arm can be altered by changing an axle and 
the supporting beams if desired. 
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In a Pinch 


Programming Ideas 

The solution below repeats the pick and place operation every 4 seconds, for a variable number of 
repetitions. The repetitions and degrees of rotation are determined by the user. To change the movement 
of the motor by time into specific degrees, the program uses the calibration factor .556 as explained on 
the student pages. 


TO PICKANDPLACE :REPETITIONS 
REPEAT: REPETITIONS 

[RESETT 
TALKTO "B 
SETEVEN 
PICK :DEGREES 

WAIT 5 

CLOSE 

WAIT 5 

TALKTO "B 

SETODD 

PICK :DEGREES 

WAIT 5 

OPEN 

WAIT 5 

WAITUNTIL [TIMER > 40]] 

END 


:DEGREES 

4 Repeat the list of commands in brackets the number of 
times specified by the user 
4 Reset the timer to 0 
4 Address the motor moving the arm 
4 Set its direction 

4 Rotate the arm the number of degrees specified by the 
user 

4 Pause for half a second 
4 Close the jaw 
4 Pause for half a second 
4 Address the motor moving the arm 
4 Reverse the motor 

4 Move the arm back to its original position 
4 Pause for half a second 
4 Open the jaw 
4 Pause for half a second 
4 Wait 4 seconds before repeating the operation 


to pick :degrees 
on 

listento 7 
resetc 

waituntil [counter > :degrees * .556] 

off 

end 


4 Turn on the motor rotating the arm 
4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until the counter is greater than the number of degrees 
input by the user multiplied by the calibration factor 
4 Turn off the motor 


to open 
talkto "a 
seteven 
onfor 1 
end 


4 Address the jaw motor 

4 Set its direction 

4 Turn it on for 1 tenth of a second 
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In a Pinch 


to close 

talkto "a 4 Address the jaw motor 

setodd 4 Set its direction 

onfor 1 4 Turn it on for 1 tenth of a second 

end 

Students may need to multiply :degrees by a different number. Students must calibrate the number of 
counts of the optosensor to the number of degrees they want the motor to move. See the example on the 
student page. 

Related Concepts and Extensions 

If students move heavy objects with their robot arms they may need to add a counterweight to add stability. 

Encourage the student to modify parts of the arm. How might they change the jaw to pick up delicate 
objects? 

Another suggestion for modif ying the robot arm involves placing the drive motor in the center of the arm. 
By doing this and using a third motor, two identical arms can be assembled on each end of the beam. 
Both jaws can then operate simultaneously using one motor mounted in the center of the beam. Using 
this system, two pick and place operations could be carried out at the same time because the same machine 
would be performing the work. Ideas that save time often mean saving manufacturers and customers 
money. 

Teacher Notes 
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Janey has started her own package delivery business. She needs an efficient way to sort the large and 
small boxes. 
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Construct a conveyor system that recognizes taller obj ects and removes those obj ects from the conveyor belt. 


PJOELPOItTS DP 



Start by assembling a conveyor similar to the model shown on page 5 of the 1090 D building instructions. 
Then build a subsystem on top of the conveyor with an arm that swings and removes any tall obj ects from 
the conveyor belt. 


You can use LEGO® bricks as the “tall” objects and plates (flat pieces) as the “short” objects. 

[pP©(SDP%MMDtNl(S DPEA§ 

To keep checking an optosensor, you can use if in a recursive procedure instead of waituntil. 


Input from an optosensor and counting wheel can help you more accurately position and reposition the arm. 
Use subprocedures to help organize your program. 
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Out of Sorts 



Objectives 

The student will understand how an automatic 
machine could be designed to identify the height of 
an object. 


Description of the Problem 

One way industry sorts objects or materials is by height. An optosensor can be set up to distinguish 
between LEGO® plates andbricks. LEGO plates areflat elements. LEGO bricks are taller than plates and 
do not have holes in the side. Beams are the same height as bricks, but are thinner and usually have holes 
in the sides. Once the object or brick is identified, a swinging arm can remove it from the conveyor. 


Building Ideas 


The conveyor is similar to the one shown on page 5 of the1090 D building instructions. Students will need 
to gear down the arm so it does not travel too fast. 






Out of Sorts 


Programming Ideas 

The SORT program moves the conveyor belt and calls the subprocedure check.for.bricks. 
Check.for.bricks is a recursive procedure: it keeps checking the state of the optosensor to see if a tall 
brick is passing by. If the optosensor sees a tall brick, boot.off .bricks is called to remove the tall brick 
from the conveyor system. 

Students may choose different inputs for the setpower and the waituntil [counter > 2] statements. 


TO SORT 
TALKTO0 
ON 

TALKTO "B 
SETEVEN 
SETPOWER 5 
ON 

CHECK.FOR.BRICKS 

END 

to check.for.bricks 
listento 6 

if sensor? [boot.off.bricks] 

check.for.bricks 

end 

to boot.off.bricks 
talkto "c 
seteven 

move.arm 

setodd 

move.arm 

end 

to move.arm 
listento 7 
resetc 
setpower 3 
on 

waituntil [counter > 2] 

off 

end 


4 Address the light 

4 Turn on the light across from the optosensor 
4 Address the conveyor motor 
4 Turn on the conveyor in a specific direction 
4 Set the motor to a lower speed 
4 Turn it on 
4 Check for tall bricks 


4 Address the optosensor 

4 If the sensor sees a tall brick, it runs the subprocedure to 
remove it; 

4 Otherwise, it continues checking for tall bricks 


4 Address the arm motor 

4 Set the direction of the arm motor so it can remove the 
brick 

4 Move the arm so it removes the brick 
4 Reverse the direction of the motor 
4 Move the arm back to its original position 


4 Address the optosensor giving feedback to the arm 
4 Reset its counter to 0 
4 Set the arm motor power to a low level 
4 Turn it on 

4 Wait until the optosensor sees two changes from white 
to black 

4 Turn off the motor 



docta 



LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 


Out of Sorts 


Related Concepts and Extensions 

A worm gear connected to an input shaft acts like a one tooth gear. For example, if a worm gear is 
connected to a 24-tooth gear the resulting gear ratio is 24 : 1. 

Ratio = output gear teeth 
input gear teeth 

Ask students, “If this were areal industrial machine, how could you make it safer for the plant workers?” 
One answer might be to cover the open gearing. Another solution might be to use a warning tone when 
the arm is operating. 

Teacher Notes 
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-PRESSING MATTERS- 

[MOilF 

Build a safety shield that can be raised and lowered. The operator should be able to raise and lower the 
shield easily. 



The clear plastic cover of the Technic Control I set makes an excellent shield to raise and lower. Build 
two identical motorized raising mechanisms, one for each end of the shield. 

Incorporate the optosensors and counting wheels into your design so you can accurately control the 
movement of the motors. 

IPlMMKAMMDINkS DIMA§ 

Program the safety shield motors to raise and lower the shield together. To better control the two 
mechanisms, use feedback from the optosensors and counting wheels. Both motors will need to move 
the same distance, so remember to check feedback from both motors before stopping them. 

At first, you will probably want to test the mechanisms without the shield attached. 

The shield may raise more slowly than it lowers, so setpower may be useful in your program. 
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Pressing Matters 



Objectives 

The student will recognize the need for safety where 
heavy machinery is being operated. The student will 
demonstrate and evaluate one safety device that he or 
she develops. 


Description of the Problem 

A plastic shield that raises and lowers can protect a machine operator while the machine is performing 
its function and still allow the operator to reach into the machine and remove the finished work. 


Building Ideas 

Students can use the clear plastic cover from the Technic Control I building set as a shield. To raise and 
lower the shield, two identical motorized devices are constructed and attached to each end. Two devices 
are needed because of the size and weight of the plastic cover. Optosensors are included in the design 
to better control the motors. 





Pressing Matters _ —P 


Programming Ideas 

Both motors must be controlled simultaneously, so students will need to address two output ports and 
two input ports to control the motors and the sensor feedback properly. The shield is heavy, so the speed 
of the motor should be reduced when the shield is lowered. 

When programming, students should test their programs without the plastic shields to make sure their 
machines function properly. Also, each time they start a LEGO® TC logo session using their shield model, 
students should detach their shields and type talkto [a b] onf or 5 to make sure the motors are moving 
in the same direction. If they are not, students need to turn around one of the plugs connected to the output 
ports. 

To run the SHIELD procedure, simply type SHIELD in the Command Center. SHIELD checks for input 
from the keyboard to raise the shield (R), lower the shield (L) or stop the program (S). 

TO SHIELD 

MAKE"KEY READCHAR 

IF :KEY = "R [RAISE.SHIELD] 

IF :KEY = "L [LOWER.SHIELD] 

IF :KEY = "S [ALLOFF STOP ALL] 

SHIELD 
END 


to raise.shield 

talkto [a b] 

4 Address both motors 

seteven 

4 Set the direction of the motors 

setpower 7 

4 Set the power to the highest level 

move.shield 

end 

4 Move the shield 

to lower.shield 

talkto [a b] 

4 Address both motors 

setodd 

4 Set the direction of the motors 

setpower 3 

4 Set the power to a lower level 

move.shield 

end 

4 Move the shield 

to move.shield 

on 

4 Turn on the motors 

listento [6 7] 

4 Address both sensors 

resetc 

4 Reset the counters to 0 


4 Create a variable called key and set its value to the key 
the user types 

4 If the user types an R, raise the shield 
4 If the user types an L, lower the shield 
4 If the user types an S, turn off the motors and stop the 
program 

4 Keep running the program 
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waituntil [and (first counter) >36 4 Wait until the counters for port 6 and port 7 are greater 

(last counter) > 36] than 36, indicating that the motors have the proper 

distance 

off 4 Turn off the motors 

end 

To learn more about using if, waituntil, and, first and last statements, see How To Control Program 
Logic in the How To section. Students may need to use different numbers for the port 6 and port 7 
counters. 

Related Concepts and Extensions 

Ask students to use one optosensor as a switch to raise the safety shield. They can remove the counting 
wheels and optosensors from their shield models, attach an optosensor to port 6 and control its state with 
their fingers. The shield motors can be controlled with onfor. 

to movetime :time 
listento 6 

waituntil [sensor?] 
talkto [a b] 
onfor :time 
end 

For more information and ideas, read How To Create Variables and How To Use Optosensors as a Switch 
in the How To section. 

Using an electric eye mechanism (an optosensor and a LEGO® light), develop a procedure to make sure 
the shield is up before turning on another machine. Here is an example using the safety shield model and 
another one-motor machine plugged into port C. The program assumes the shield model has been 
modified so the optosensors and counting wheels have been removed and the electric eye is attached — 
see the detail drawings in the Building Ideas for the position of the electric eye optosensor and light. The 
light can be plugged into the test port. 

TO SHIELDCHECK 

IFELSE SHIELD.DOWN? 4 If the shield is down, 

[TYPE [PUT SHIELD UP BEFORE 4 Notify the user to raise the shield; 

STARTING MACHINE]] 

[TALKTO "C ONFOR 20] 4 Otherwise, turn on the machine shielded by the safety 

shield 

END 


4 Address the optosensor “switch” held by the user 
4 Wait until the user activates the sensor 
4 Address both motors 

4 Turn on the motors for the amount of time entered by the user 
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to shield.down? 
listento 6 

ifelse sensor? [output "true] 
[output "false] 

end 

Teacher Notes 


4 Address the optosensor in the “electric eye” 

4 If the optosensor sees dark, output true 
4 If the optosensor sees the light of the electric eye, output 

false 
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■PUT IT THERE- 
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Construct a robot arm that rotates (angular displacement) and delivers goods repetitively from one 
location to another location at a different height (vertical displacement). 

[MJJOILPDMcgi 

You can use the base from the 1090 E model for rotating the arm. To help Margaret move her groceries, 
attach a platform instead of a jaw mechanism. 

DPIM 

You can create an “instant” procedure for testing your model, but the program to repeat the task should 
not require continual input from the operator. 


You can use variable input values for the height (vertical displacement) of the robot arm, the number of 
degrees it rotates (angular displacement) and the number of times the robot arm repeats the task. 

T o move the robot arm a specific number of degrees, you must calibrate the distance the arm moves within 
a specific number of seconds to the corresponding number of degrees it moved. You will need to use an 
optosensor and counting wheel to calibrate your robot arm. See the In A Pinch activity in the Production/ 
Manufacturing section, and How To Control from the Keyboard, How To Use the Counters and How To 
Turn Feedback from the Counters into Angles in the How To section for more information. 


E 2 
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Objectives 

The student will understand how repetitive pick and 
place operations can be performed by programmable 
machines, and will recognize vertical and angular 
displacements. Time, distance and the number of 
repetitions will be used as variables in the operation of 
the robot arm. 

Description of the Problem 

Items must be transferred from one location to another location. The new location is at a different 
elevation (due to vertical displacement) and heading (due to angular displacement). The operation must 
be repeated. 

Building Ideas 

A hinged parallelogram is used for the robot arm movement. As they design a model, students should 
consider its center of gravity. The robot arm may fall over with too large a load. 
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Programming Ideas 

Students can use a program like CONTROL for testing their model, but the program written to repeat 
the task should not require continual input from the user. 


TO CONTROL 

MAKE"KEY READCHAR 

IF :KEY = "A [TALKTO "A] 

IF :KEY = "B [TALKTO "B] 

IF :KEY = "O [OFF] 

IF :KEY = "Q [ALLOFF STOP] 

IF :KEY = "R [RD] 

IF NUMBER? :KEY 
[SP.ON :KEY] 

CONTROL 

END 

to sp.on :key 
if or :key < 1 :key > 7 
[stop] 

setpower :key 

on 

end 


4 Create a variable called key and set its value to the 
user input 

4 If the user types a, address port A 
4 If the user types b, address port B 
4 If the user types o, turn off the last port addressed 
4 If the user types q, turn off everything and stop the 
program 

4 If the user types r, reverse the direction of the last motor 
addressed 

4 If the user types a number, 

4 Set the power level to that number and turn on the motor 
4 Keep running the procedure 


4 If key is less than one or greater than 7, 

4 Stop the subprocedure; 

4 Otherwise, set the power level to the value of key 
4 Turn on the motor 


The PUTINPLACE superprocedure repeats the 90 degree rotation of the arm and the raising and 
lowering of the platform to deliver the materials to a higher location. The machine pauses for 45 seconds 
between repetitions. The motors are also controlled using time rather than feedback from the optosensors 
and counting wheels. If they attempt this approach, students will discover that using time to control the 
robot arm movement is not particularly accurate or reliable. 

You may need to remind students to put spaces between all mathematical symbols. Also, they may need 
to use other numbers as input for the onfor statements in the procedures. 


TO PUTINPLACE 
REPEAT 3 [RESETT 
ROTATE.90 
PUT.ABOVE 
RETURN.TO.START 

WAITUNTIL [TIMER > 450]] 


END 



4 Repeat the list of commands 3 times; reset the timer to 0 
4 Move the robot arm 90 degrees 
4 Move the platform up 

4 Move the robot arm and platform back to their original 
positions 

4 Wait until 45 seconds have passed before moving the 
arm again 
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to rotate.90 
talkto "a 
setpower 7 
seteven 
onfor 50 
end 


4 Address the motor turning the arm 
4 Set the motor to the highest power level 
4 Set its direction 
4 Turn it on for 5 seconds 


to put.above 
talkto "b 
seteven 
setpower 2 
onfor 20 
end 


4 Address the motor raising and lowering the platform 
4 Set its direction 
4 Set it to a low power level 
4 Turn it on for 2 seconds 


to return.to.start 
talkto "a 
setpower 7 
setodd 
onfor 50 
talkto "b 
setodd 
onfor 20 
end 


4 Address the motor turning the arm 
4 Set it to the highest power level 
4 Reverse its direction 
4 Turn it on for 5 seconds 
4 Address the motor moving the platform 
4 Reverse its direction 
4 Turn it on for 2 seconds 


The PUTINPLACE2 superprocedure uses variable input values for controlling the arm’s height 
(vertical displacement), the number of degrees the arm rotates (angular displacement) and the number 
of times the robot arm repeats the task. The movement of the motors is controlled by feedback from the 
optosensors activated by the counting wheels. This approach is more reliable than using time, as in the 
PUTINPLACE program above. The PUTINPLACE2 program assumes that the 8 black/8 white side 
of the counting wheels face the optosensors. 


For an explanation of calibrating the rotation of the robot arm to degrees, see the In A Pinch activity in 
the Production/Manufacturing unit. Students may also find the How To Control from the Keyboard, How 
To Use the Counters and How To Turn Feedback from the Counters into Angles in the How To section 
helpful. 


Students can calibrate the height the platform reaches by moving itto the lowest position that is practical, 
measuring, then moving it to the highest position that is practical and measuring. The difference between 
the two measurements is the maximum vertical displacement. Distance can be calibrated to counts by 
typing listento 7 resetc talkto "b onfor 20 show counter in the Command Center. Students can 
then divide the number of counts by the distance to find the calibration ratio. 

In their programs, students can multiply distance by the calibration ratio of counts-per-distance to arrive at the 
number of counts needed to move the robot arm to the height requested by the user. If the counter shows 110 
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when the robot arm moves 9 centimeters, then 110 counts / 9 cm =12.2 for the calibration ratio. 

Note: Even with feedback the robot arm’s height positioning is only roughly accurate, especially 
when the platform is loaded. 

TO PUTINPLACE2 :DEGREES :CM 
:REPETITIONS 
REPEAT :REPETITIONS 

[RESETT 
TALKTO "A 
SETEVEN 

ROTATE:DEGREES 
TALKTO "B 
SETEVEN 
PUT :CM 
WAIT 20 
TALKTO "B 
SETODD 
PUT :CM 
TALKTO "A 
SETODD 

ROTATE :DEGREES 
WAITUNTIL [TIMER > 450]] 

END 

to rotate :degrees 

on 4 Turn on the motor rotating the arm 

listento 6 4 Address the optosensor 

resetc 4 Reset its counter to 0 

waituntil [counter > (:degrees * .556)] 4 Wait until the counter is greater than the number of 

degrees input by the user, multiplied by the calibration 
ratio of counts to degrees 
4 Turn off the motor 


4 Set the motor to a low power 
4 Turn on the motor moving the platform 
4 Address the optosensor 
4 Reset its counter to 0 


Off 

end 

to put :cm 
setpower 2 
on 

listento 7 
resetc 


4 Create 3 variables and set them to the user input values 

4 Repeat the list of commands the number of times input by 
the user 

4 Reset the timer to 0 
4 Address the motor rotating the arm 
4 Set its direction 

4 Rotate the arm to the proper location 
4 Address the motor moving the platform up and down 
4 Set its direction 

4 Move the platform the specified amount 
4 Pause for 2 seconds to unload platform 
4 Address the motor moving the platform 
4 Reverse its direction 

4 Move the platform back to its original height 
4 Address the motor rotating the arm 
4 Reverse its direction 
4 Move the arm back to its original position 
4 Wait until 45 seconds have passed before repeating the task 
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waituntil [counter > (:cm * 12.2)] | Wait until the counter is greater than the distance (in 

centimeters) input by the user multiplied by the 
calibration ratio of counts to centimeters 
off 4 Turn off the motor 

end 

Related Concepts and Extensions 

The sides of a hinged parallelogram always remain parallel to each other. The opposite angles of a 
parallelogram are equal. 

Add an optosensor and light as an “electric eye” on a pallet. Write a procedure to start a pick and place 
operation every time the pallet has something placed on it. Students will need to take one of the 
optosensors from their robot arm to do this. 

Why are robots replacing people for “pick and place” procedures? 

Teacher Notes 
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Activities 

Applied 

Science Y. 

A Weighty Matter 

After You 

Auto Timer 

Can Scan 

Great Lengths 

How Far? 

No Show 

Show Me The Way 

Top Secret 

Up and Away 

Acceleration 



X 








Center of gravitv 



X 








Centrifugal effect 










X 

Compression/ tension 





X 






Convection/ conduction 











Friction 

X 

X 

X 


X 

X 

X 

X 


X 

Gravity and its effects 



X 







X 

Inertia 



X 








Mechanical advantage: gears 

X 

X 




X 

X 

X 



Mechanical advantage: levers 

X 










Mechanical advantage: oullevs 








X 



Momentum 



X 







X 

Velocity, angular 

X 

X 

X 


X 

X 


X 


X 

Velocitv. linear 



X 







X 



















x. Activities 

Applied 

Mathematics x. 

A Weighty Matter 

After You 

Auto Timer 

Can Scan 

Great Lengths 

How Far? 

No Show 

Show Me The Way 

Top Secret 

Up and Away 

Absolute values 











Averaging 



X 







X 

Binary and other bases 




X 





X 


Calculating values (+-*/) 


X 

X 

X 

X 

X 


X 

X 


Fractions and decimals 


X 

X 

X 


X 


X 



Gear and Dullev ratios 


X 




X 

X 

X 



Measuring angles 

X 


X 





X 



Distance 



X 


X 

X 





Circumference 



X 








Mass (weighing) 

X 










Using variables 



X 

X 

X 

X 


X 

X 

X 
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A WEIGHTY MATTER, 



At her remote island cabin, Paula completed her novel. As she sealed the envelope she thought about 
the journey to the mainland's Post Office, "IfI could weigh the envelope, I would know how much postage 
to put on it and save myself the long trip. ” 

OP HA yM 
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A WEIGHTY MATTER 


DilF 


Build and program a measuring device that determines whether a letter is under an ounce or not. One 
ounce is about 28 grams. Display the result on the computer screen. 


4mP0»S OPiA 


Use a gear on a balance beam to drive additional gears moving a counting wheel. These additional gears 
gear up the mechanism, making the balance more accurate. By gearing up, a slight movement of the 
balance beam causes the optosensor to change state. 


[PPOAPAMMONA OP HA; 


Use input from the optosensor and counting wheel to indicate the position of the balance beam. You can 
calibrate your LEGO® balance using a scale and some paper clips; or, you can place a known weight on 
the balance pan and attach paper clips to the arm opposite the pan. Then add paper clips or other weights 
until the arm is level. 
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A Weighty Matter 



Objectives 

The student will use lever principles to build and 
program a balance. 


Description of the Problem 

A device must be built that determines whether an object is over or under one ounce. An optosensor is 
used to determine whether the material being measured is overweight or not. The computer displays go 
if the object is under one ounce or no go if the object is over one ounce. 


Building Ideas 

Regular #1 size paper clips have an approximate mass of half a gram. About 56 paper clips weigh one 
ounce. 


Students can subtract or add mass (LEGO® bricks or other materials) to the resistance arm so the balance 
shown below can be used with objects weighing different amounts. 

Each moving part adds friction to the balance model, so students must make sure the resistance arm is 
moving freely before they weigh an object. If they do not, friction may impede the ability of the balance 
to weigh the object properly. 
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Programming Ideas 

The check procedure uses an optosensor and counting wheel to evaluate whether an object placed on 
the balance model is under or over one ounce. When the procedure runs, a tone sounds to indicate that 
the balance model is ready to measure an object. After sounding a tone, the program waits for three 
seconds so an object can be placed. Then the program evaluates the object's weight based upon the 
number of counting wheel counts the optosensor registered. The result is displayed on the computer 
screen. 


Check assumes the 8 black/8 white side of the counting wheel faces the optosensor. 


to check 
ht 

listento 6 
resetc 
tone 262 5 
wait 30 

ifelse counter < 8 


[print [GO: under 1 oz.]] 
[print [NO GO: over 1 oz.]] 
end 


4 Flip the page and hide the turtle 
4 Address the optosensor 
4 Reset the counter to 0 
| Sound a tone 

4 Wait for the user to put the object on the scale 
4 Assume the 8 black/8 white side of the counting wheel 
faces the optosensor. The balance moves one revolution of 
the counting wheel when the arm raises level with the one 
ounce marking beam 

| If the counter is less than 8, the envelope weighs under 
one ounce so no more postage is needed 
4 If the counter is greater than 8, the envelope weighs 
more than one ounce and more postage is needed 


Use cleartext to erase the text printed on the turtle side of the page. Caution: Make sure the procedure 
side of the page is not showing before cleartext is typed or all of the procedures will be erased. 

Type restore if the procedures are erased. See the LEGO® TC logo Reference Guide for more infor¬ 
mation about cleartext and restore. 


For more information about tone, see page 99 of the LEGO TC logo Reference Guide. 


Related Concepts and Extensions 

Students should calibrate the balance when the balance beam is parallel to the ground. 


Askstudents if the balance accuracy will be different if the effort distance and resistance distance are changed. 

Teacher Notes 
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AFTER YOU- 

PE§D(S[N] UBOIOIIF 

Build and program a device that stops traffic in one lane and then allows the traffic to continue after a 
specified time. 


m\ 



On the inside back cover of the building instructions labelled 1090 (with no additional letter) is a type 
of flagging machine. Note that it has two worm gears to slow the motor's revolutions per minute (rpm). 
The model also uses an optosensor and a counting wheel for more precisepositioning of the flagging arm. 


[PIMMKAMMDINkS DIMA' 


You can use the counter and the optosensor to control the distance the arm moves up and down. Use the 
other optosensor and one light brick as an “electric eye” to indicate when a car is near the flagging 
machine. 


To keep your flagging system running, you can make your procedure recursive. 


Ui 


dicta 
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After You 



Objectives 

The student will know how optosensors provide 
feedback and control the steering of a vehicle. 


Description of the Problem 

A traffic control device needs to be developed. Traffic must be stopped for a given amount of time and then 
it must be allowed to pass. Throughout the day, stopping and starting the traffic will be repeated many times. 
A sensor can be used to detect movement before the vehicle is in view of the traffic control device. 


Building Ideas 

For the Programming Ideas on the next page, students must use the other optosensor and a light to create 
an “electric eye” for detecting approaching vehicles. 

Students can use their hands to activate their electric eye or they can create a non-motorized car to activate 
it. If they want to make a motorized car, they will need to revise the procedures to include control for their 
car motors. 
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Programming Ideas 


TO FLAGGER 

WAIT.FOR.CAR 

SETEVEN 

MOVE.ARM 

WAIT 30 

SETODD 

MOVE.ARM 

FLAGGER 

END 

to wait.for.car 
talkto 2 
on 

listento 6 

waituntil [sensor?] 
type [Car approaching...] 
wait 10 
cc 
end 

to move.arm 
listento 7 
resetc 
talkto "a 
on 

waituntil [counter > 22] 

off 

end 


| Wait until the electric eye is activated 
4 Set the direction of the arm to go down 
| Move the arm 
4 Pause for 3 seconds 
| Reverse the direction of the arm 
| Move the arm back up 
| Keep the flagger system going 


| Address the light 
4 Turn it on 

4 Address the optosensor 
| Wait until it is activated 

| Pause for 1 second 
| Clear the Command Center 


| Address the optosensor next to the arm 
4 Reset the counter to 0 
4 Address the motor 
4 Turn on the motor 

| Wait until the arm moves the proper distance 
| Turn off the motor 


Related Concepts and Extensions 

The mechanical advantage of a machine is determined by finding the ratio of the output force to the input 
force. Every machine involves contact and movement between surfaces, so its mechanical advantage will 
to some extent be affected by the force of friction. Some machines have more frictional contact than 
others. For example, an inclined plane has much more friction than a lever because of the differences in 
surface contact area. 


The theoretical mechanical advantage of a machine can be found by calculating its overall gear ratio. One 
method for calculating the gear ratio involves counting the teeth for each pair of gears and, dividing the 
output gear teeth by the input gear teeth. Then the overall ratio is found by multiplying these ratios 
together. The flagging machine ratios are as follows: 

24 x 16 x 16 = 384 
16 1 1 1 
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So, the output gear is 384 times slower than the input gear. 

By using gear teeth to calculate the overall ratio, students are finding the theoretical mechanical 
advantage of the machine. To determine the actual overall gear ratio, students can use gear revolutions 
instead of teeth. To calculate gear revolutions, students can construct the device and use optosensors and 
counting wheels to calculate the input turns and the output turns. See the illustration below to revise the 
flagger model and attach the two optosensors and counting wheels. 



gear's optosensor into port 7. Then students can write a procedure like ratio (see the next page) to 
calculate the revolutions of the input and output gears and display them on the screen. 

Since the optosensor in port 6 cannot be mounted directly on the input gear, the value calculated for input 
must be adjusted to account for the gear reduction between the first two gears: 

24 number of teeth on second gear (where optosensor is) = 1.5 
16 number of teeth on first “input” gear 

The revolution of the second gear calculated by the optosensor must be multiplied by 1.5 to equal the 
actual input of the first gear. 
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to ratio 
ht 

listento [6 7] 
resetc 
talkto "a 
setpower 3 
onfor 60 

(print (first counter) / 8 * 1.5 

(last counter) / 8) 
end 


4 Flip the page and hide the turtle 
| Address both optosensors 
4 Reset the counter 
4 Address the motor 

4 Set the motor power to a fairly low level 
4 Turn on the motor for 6 seconds 

4 Display the ratio of the input revolutions (adjusted) to 
output revolutions 


Does the ratio of the input gear to the output gear match the ratio calculated above using gear teeth? Why 
or why not? 

Teacher Notes 
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AUTO TIMER 




AUTO TIMER- 

PtE§0(SiMI ®fl« 

Set up a race timing system that accurately times motorized or non-motorized cars to milliseconds. 



Position an optosensor and a light brick at the end of the race course. You can decrease the effect of the 
room light on the optosensor by placing two beams in front of the optosensor or by using part of a rolled 
up paper tube around the optosensor and light brick. 

You will probably need to connect a few wires together so the optosensor 
and light brick can be plugged into the interface box. 

When your auto timer is set up, build a motorized or non-motorized 
vehicle to use with it. See the Derby Time activity for ideas related to non-motorized vehicles and the 
What A Drag activity for ideas related to motorized vehicles. If you build a non-motorized vehicle, you 
may wish to build a cycloid curve race track for faster races. 

IPEM 

Instead of using the timer which reports elapsed time in tenths of seconds, you can use pulsewidth. 
The pulsewidth (or pw) command reports the amount of time between the last two increases of the 
counter. Pulsewidth time is given in l/1000ths of a second or milliseconds. 
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Auto Timer 



Objectives 

The student will understand that computer systems 
with sensitive optosensors are capable of measuring 
faster intervals than humans can measure. 


Description of the Problem 

Modem race tracks use digital timing to start and record finishes for vehicle races. With LEGO® TC logo, 
optosensors are used to start and stop electronic timers. By using pulsewidth, a special timing 
command for use with the optosensor, students can measure the amount of time between increases of the 
counter in l/1000ths of a second. 


Building Ideas 

If the track students use is more than 30 centimeters or so, they can build a finish tunnel to shield the 
optosensor from some of the reflected room light, or they can use a brighter light from a different power 
source with a spot beam (such as a flashlight). Students will need to build motorized or non-motorized 
vehicles and a race track to use with the auto timer systems they develop. See the What A Drag and Derby 
Time activities in the Transportation section. Directions for building a cycloid curve can be found in the 
Supplemental Materials section. For building a motorized start gate, see the What A Drag activity. 
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Programming Ideas 

Using LEGO® TC logo, time may be measured two ways: using the main timer as a stop watch or using 
the pulsewidth command with the counter. Timer measures the time in tenths of seconds that has 
elapsed since the command resett was given. Pulsewidth reports the length of time in l/1000ths of 
a second which has elapsed between the last two increases on the counter. A pulse starts when the counter 
monitoring one of the inputs (6 or 7) increases by one and ends the next time the counter increases. 

For ideas using the timer see the What A Drag and Derby Time activity. The Auto Timer solution in this 
activity focuses in pulsewidth. 

The RACE program calls the Start subprocedure to reset the timer and initialize the optosensor for the 
pulsewidth command. Then RACE calls the finish subprocedure to display results on the race in 
milliseconds. 

TO RACE 

START 4 Do the Start subprocedure 

FINISH | Do the finish subprocedure 

END 


to start 
ht 

listento 6 
resetc 

type [On your mark...] 
wait 10 

type [Get set...] 
wait 10 
talkto 0 
on 

wait 1 
off 

wait 1 
on 

type [Go!...] 
wait 1 
end 


4 Flip the page and hide the turtle 
4 Address the optosensor 
4 Reset the counter to 0 

4 Pause for 1 second 

4 Pause for 1 second 
4 Address the light 
4 Turn it on 

4 Pause 1 tenth of a second 
4 Turn off the light 
4 Pause 1 tenth of a second 

4 Turn the light on again to establish an initial count for 

pulsewidth 

4 Pause 1 tenth of a second so the race gets underway 
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to finish 
listento 6 

waituntil [sensor?] 

(print [Pulsewidth (milliseconds) = ] 
pulsewidth) 
cc 
end 


4 Address the optosensor 
4 Wait until a car crosses the finish line 
4 Display the interval between increases of the counter 
in l/1000ths of a second 
4 Clear the Command Center 


To find the average speed for the race and the known distance in centimeters for the race track, add 
the line 

(print [average speed in centimeters / milliseconds =] 

race track distance / pulsewidth) 

before the CC command in the finish subprocedure. 

Students can display the pulsewidth in seconds by typing print pulsewidth / 1000. 

Pulsewidth can be abbreviated pw. 

Cleartext erases the printed text on the screen. Caution: Make sure the turtle graphics side of the page 
is showing before typing cleartext. If the procedure side is showing all of the procedures will be erased. 

If any procedures are erased accidentally with Cleartext, type restore immediately. 

Related Concepts and Extensions 

Using pulsewidth, students can also measure the average acceleration of their vehicles. In order to 
measure acceleration, students must measure the speed or velocity of their vehicles at several points as 
the vehicles move down the track. So, instead of measuring pulsewidth once using an optosensor with 
a light brick across the end of the race track, students will measure pulsewidth several times using an 
optosensor with a counting wheel mounted on their vehicles. 

Both non-motorized or motorized vehicles can be used. Race tracks can be inclined planes or cycloid 
curves or drag strips. 

Acceleration is the change in velocity during a particular period of time, or 
v2-vl / At 

To determine average acceleration, students must first find the velocity of the vehicle at two different 
points on the track during a run. Next, students find the change in velocity between these points by 
subtracting the smaller velocity from the larger one. Finally, they calculate the average acceleration by 
dividing the change in velocity (v2 - vl) by the time it took the vehicle to travel from the first point to 
the second point (At). 
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By knowing two pulsewidth values on the data list and the circumference of their vehicle's wheel, 
students can calculate two estimates of instantaneous velocities. 

vl = distance moved in centimeters / pulsewidth value number 1 in seconds 

v2 = distance moved in centimeters / pulsewidth value number 2 in seconds 

Students mount a counting wheel on the axle of one of the wheels and attach an optosensor on the frame 
of the vehicle next to the counting wheel. Depending on the length of the track students use, several 
LEGO® wires connected together may be necessary for connecting the optosensor to the vehicle (five or 
six for the cycloid curve track). 

Next, students must write a program such as ACCEL to measure the pulsewidth (time between counts 
of the counting wheel) and the time elapsed. 

TO ACCEL 
LISTENTO 6 
MAKE "DATALIST [] 

RESETC 
GETDATA 

END 

to getdata 

if counter > 0 [make "datalist Iput 
list pulsewidth timer :datalist] 

resetc 
getdata 
end 

If you are using a motorized vehicle, plug it into port A and type talkto "a on before running ACCEL. 
The procedure is recursive. To stop ACCEL, type 6-S or Ctrl-S. To see the list of data collected, flip 
the page (6-F or Ctrl-F) and hide the turtle (ht). Then type 

print :datalist 

The page of data can be printed on paper by typing 

printtext 

With the pulsewidth values, students know the time between counts of the counting wheel. What they 
need to find out now is the distance moved per count of the counting wheel. 


4 Add the pulsewidth value and the timer value to the 
datalist as an ordered pair 
4 Reset the counter to 0 


| Address the optosensor in port 6 
4 Create an empty list called datalist 
4 Reset the counter to 0 

4 Collect pulsewidth and timer values as the vehicle 
moves down the ramp 


4 
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Auto Timer 


Distance moved per count can be found by calculating the circumference of the tire next to the counting 
wheel and dividing the circumference by counts per revolution of the tire. 

The large LEGO® tire is about 4.3 centimeters in diameter, so the circumference is 4.3 * n = 4.3 * 3.14 
= 13.5 centimeters. If the 4 black /4 white side of the counting wheel faces the optosensor, one revolution 
of the tire equals four counts. So the distance moved per count is 13.5 / 4 or about 3.4 centimeters. 

Now students can calculate estimates of the instantaneous velocity of two points from their data list. 
Let’s assume the two data pairs selected from the data list are [422 9497] and [199 9499]. The two 
pulsewidth values are 422 and 199. The other numbers are timer values. (Since pulsewidth values 
are reported in milliseconds (1/1000) and ti mer values are reported in tenths of seconds (1/10), p U Ise width 
values should be converted to tenths of seconds in the calculations.) 

velocity 1 = 3.4 centimeters / 0.422 seconds = 8.1 centimeters per second 

velocity 2 = 3.4 centimeters / 0.199 seconds = 17.1 centimeters per second 

Next, find the time interval between the two velocity values. 

time 2 - time 1 = At = 949.9 - 949.7 = 0.2 seconds 

So the average acceleration between the two data pairs selected is 

v2 - vl / At = 17.0 - 7.2 / 0.2 = 49 centimeters per second per second 

which means that the example vehicle increases its speed (accelerates) at an average of 49 centimeters 
per second for every second that it is traveling down the track. 

Teacher Notes 
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Tom has finished setting up his store. Many of his items for sale are marked with bar codes. Selling the 
supplies and maintaining the inventory would be easier if a bar code reader could be devised. 



Bdecbo 
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CAN SCAN-- 

M§0(SM [BIROHIP 

Build and program an optical reader that will translate various bar codes into prices and display those 
prices on the computer screen. 

[Mm[S)0[N]<S OPUM 

You can use a light with an optosensor to create an “electric eye” to read your bar codes. 

To create bar codes, photocopy the code cards shown here, cut them out and glue them to part of an index card. 
You can also use index cards and make lines with a black permanent marker or punched holes for the bar codes. 
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Can Scan 



Objectives 

The student will be able to demonstrate how a 
computer obtains data by using optosensors. 


Description of the Problem 

A bar code reading system can be built using an optosensor and a light. The system can be programmed 
to calculate a price based upon the “counts” of coded cards. 


Building Ideas 

Students can use the yellow plates to build a device supporting an optosensor and a light brick. The stud 
side of the plates is easier to use as a base than the coupling side. The optosensor can be attached to the 
yellow plates. Students can use copies of the code cards in the Building Ideas portion of their activity 
sheets. They should be sure the code cards can be passed easily through the bar code reading device. 









Can Scan 


Programming Ideas 

Programming a bar code reader can be a very challenging task. For this reason, one preliminary solution 
and two complete solutions to the student Design Brief are described. 

The procedure readcode shows the value of the counter after waiting 9 seconds for the bar code to pass 
by the optosensor. Starting and stopping tones are sounded before and after the waiting period. 
Readcode is not a complete solution to the Design Brief because it does not calculate a price. Students 
may find this solution a helpful way to test their bar code reader. 

to readcode 
talkto 0 
on 

listento 6 
resetc 
cc 

type [reading codes...] 
wait 90 
tone 330 5 
cc 

show counter 
end 

A second solution, and a program which satisfies the student’s Design Brief, is the READCODE2 
program. The superprocedure READCODE2 reads the lines on a code card, then calculates a price. 
Students must pass one card for the “pennies” and a second card for the “dimes” for each price calculated. 
READCODE2 finds and executes the subprocedure get.ones, which calculates cents, and get.tens, 
which calculates the tens. Add.it calculates the total price. Students can write other procedures that 
calculate other place values and add them to the total price shown. 

TO READCODE2 
TALKTO 0 
ON 

GET.ONES 
WAIT 10 
GET.TENS 
ADD.IT 
END 

to get.ones 
listento 6 
resetc 
cc 


4 Address the light 
4 Turn it on 

4 Calculate the amount of pennies 
4 Wait one second 
4 Calculate the amount of dimes 
4 Add the cents to the dimes and display the results 


4 Address the optosensor 
4 Reset the counter to 0 
4 Clear the Command Center 


4 Address the light 
| Turn it on 

4 Address the optosensor 
4 Reset the counter to 0 
4 Clear the Command Center 

4 Wait 9 seconds for the bar code to pass by 
4 Sound a tone 
4 Clear the Command Center 
4 Display the counter value 
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type [Reading ones...] 
wait 30 
tone 330 5 
make "ones counter 

cc 

end 

to get.tens 
listento 6 
resetc 
cc 

type [Reading tens... 
wait 30 
tone 440 5 

make "tens counter * 10 

cc 

end 


4 Wait for the bar code to pass by 
4 Sound a tone 

4 Create a variable called ones and set its value to that of 
the counter 

| Clear the Command Center 


4 Address the optosensor 
4 Reset the counter to 0 
4 Clear the Command Center 

4 Wait for the bar code to pass by 
4 Sound a tone 

4 Create a variable called tens and set its value to that of 
the counter multiplied by ten 
4 Clear the Command Center 


to add.it 

(type [Price = $] :ones + :tens) 4 Display the total price on the screen 

end 


The program below is a complete solution to the DesignBrief.Unlikethe previous solution READCODE2, 
it allows the barcode reader to function more like a cash register. It collects codes in a list and then 
calculates the total price of items in the list—much like a “tab” in a supermarket. To execute the program, 
type reset REGISTER. REGISTER is recursive. It stops collecting codes and calculates the total bill 
when no more code cards are passed through the bar code reader. 


to reset 
ht 

cleartext 
make "list [ ] 
make "codeprice .5 

talkto 0 

on 

end 


4 Flip the page and hide the turtle 
4 Erase any text on the turtle side of the page 
4 Make the list of counter values (bar codes) an empty list 
4 Set the price for each “bar” in the bar code (count of the 
counter) 

4 Address the light 
4 Turn it on 


TO REGISTER 
LISTENTO 6 
RESETC 
CC 

TYPE [READING CODES...] 


4 Address the optosensor 
4 Reset the counter to 0 
4 Clear the Command Center 




Can Scan 


4 Wait 5 seconds for bar code to pass by 
4 Sound a tone 

4 If nothing passes by, add up the entire list 


WAIT 50 
TONE 660 2 

IF COUNTER = 0 [(PRINT [YOUR 
TOTAL BILL IS $] ADD :LIST) 

STOP] 

MAKE "LIST 4 Add the value of the counter to the list 

LPUT (COUNTER * :CODEPRICE) :LIST 

(PRINT "$ COUNTER * :CODEPRICE)4 Print the value of the counter multiplied by the set price 

per count 

REGISTER 4 D° the whole procedure again 

END 


to add :list 
if 0 = count :list 

[print [Your total bill = $ 0] 
stopall] 

if 1 = count :list [output first :list] 
output (first :list) + (add butfirst :list) 
end 


4 If nothing is in the list, print 0 for the total bill and stop 
the whole program 

4 When the list is down to one item, output the amount 
4 Recursively add each item in the list 


Related Concepts and Extensions 

Students can code their cards using any place values: they just need to multiply the counter by the 
appropriate number in their program. In the binary system, the counter is multiplied by 2 for each place 
value, instead of 10 as in our decimal system. The place values for counting in binary units are as follows: 

128 64 32 16 8 4 2 1 

10 1=5 
1 1 1 0 0 = 28 
1 0 0 0 0 0 1 = 65 

Optical scanners are used at checkout counters to read the Universal Product Code (UPC). The scanner 
picks up light reflected from the white spaces between the bars of the symbol. 
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GREAT LENGTHS 



Bob and Dorothy wanted to have as much practice time on the water as they could manage. However, 
being members of the host sailing club, they were in charge of running the race. One majorjob remaining 
is tying off the buoys used to mark the race course. If they use a machine to measure the rope, they can 
shorten their preparation time and still mark the race course accurately. 
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GREAT LENGTHS- 

PE§0(SM PROP? 

Build and program a rope-measuring machine to accurately measure in centimeters or another desired 


■©ilpd^m, opia 


The large black tires mounted on an axle can be used to roll the rope past an optosensor and counting 
wheel. You can use two more black tire rims for rope guides. You will need some long lengths of rope 
to measure. How thick or thin a rope can you measure using your machine? 

OPiM 

Use the input from the optosensor and counting wheel to calculate the length of rope as it is pulled through 
the measuring machine. You will need to calibrate the counts to the distance unit you wish to use. 

Use a tone to indicate when the amount of rope needed has been reached. 

You can use the Measurement Worksheet (ask your teacher for a copy) to measure a length of rope for 
your initial calibration. 


IdrndtQ 
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Great Lengths 

Objectives 

The student will understand how linear measurements 
can be accurately determined using stationary 
revolving wheels and feedback from a sensor. 


Description of the Problem 

By using friction rollers with a pinch roll, lengths of cordage can be determined. Students can write a 
program to display the distance in centimeters, inches, or other desired units. 

Building Ideas 

Students can use nylon parachute cord or braided nylon about 5 millimeters in diameter for the rope. 
Students may find the Measurement Worksheet in the Supplemental Material section helpful. 
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Programming Ideas 

The following explanation assumes the 8 black/8 white side of the counting wheel faces the optosensor. 
To calibrate the rope measurer in centimeters, mark off 60 centimeters on a length of rope. Position the 
rope in the rope measurer. Next, plug the optosensor in port 6 and type listento 6 resetc in the 
Command Center. Carefully move the rope 60 centimeters. Then type show counter. If 60 centimeters 
= 40 counts, the ratio of centimeters to counts is 60/40 = 1.5. 

The cord procedure below uses 1.5 as the calibration factor. The procedure requires the user to input the 
number of centimeters desired. A tone sounds when the desired length of rope is reached. 

to cord :cm 
listento 6 
resetc 

type [ready...] 

waituntil [counter > :cm / 1.5] 
tone 440 5 
end 

The rope measurer will be more accurate with longer lengths of rope, because the counter cannot 
increment fractional amounts. 

Tone requires two inputs: a frequency (for the pitch) and a duration (in tenths of seconds). For a listing 
of common tone frequencies, see the LEGO® TC logo Reference Guide, page 99. For ideas about using 
tone to make music, see How To Make Music in the How To section of the Resource Guide. 

Related Concepts and Extensions 

Linear measurements can be converted from centimeters to meters, inches, feet, yards, or miles. Students 
can write procedures to measure rope length in any unit. They can also write procedures to convert from 
one unit to another. For example, the following procedure converts centimeters to inches and displays 
the results on the screen. 

to convert :cm 
show :cm *.39 
end 


| Address the optosensor 
| Reset the counter to 0 

| Wait until the user rolls the rope to the desired distance 
| Sound a tone 
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Great Lengths 


The chart below can help students with conversions. 


Length 

cm 

meter 

km 

in 

ft 

mi 

1 centimeter = 

i 

10 2 

10 5 

0.3937 

3.281 xlO 2 

6.214 x 10 6 

1 meter = 

100 

1 

10 3 

39.3 

3.281 

6.214 x 10- 4 

1 kilometer = 

10 5 

1000 

1 

3.937 x 10 4 

3281 

0.6214 

1 inch = 

2.540 

2.540 x 10- 2 

2.540 x 10 5 

1 

8.333 x 10- 2 

1.578 x 10- 5 

1 foot = 

30.48 

0.3048 

3.048 x 10 4 

12 

1 

1.894 x 10 4 

1 mile = 

1.609 x 10 s 

1609 

1.609 

6.336 x 10- 4 

5280 

1 


Tires on an automobile rotate at different speeds depending on their diameters. Ask students if they can 
determine how many revolutions a tire makes per kilometer or mile. Have them design a system to 
accurately measure the circumference of tires. 

Teacher Notes 
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HOW FAR? 



Driving through the storm required more fuel than Warren and Juanita had planned. They want to go to Elms 
to visit some friends tonight and then move on to Derby in the morning. Unfortunately, they only have enough 
fuel to go about 70 kilometers. Their map shows gas stations in Kent and Joy. They wonder, “Do we have 
enough fuel to reach Kent? Or should we take a detour to Joy and fill up so we do not run out of gas?” 
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HOW FAR?- 

[M§0<gi[M] IMOilF 

Create a device that can be rolled over a map. Program it to measure distance and display the result on 
the computer screen. 


raraiNkgi dpi 



Use the optosensor and the counting wheel to provide feedback for your program. Gear up the counting 
wheel to provide a more precise measurement. 


IPP@(SPAMMD[H](S DPEA§ 

First program your optosensor and counting wheel to display the number of counts after you roll the 
measuring wheel. 


Then, modify your procedure so that the number of kilometers traveled is displayed instead of counts. 
To do this you will need to find out how many kilometers per count are traveled, relative to the scale of 
miles on your map. 

You can use Warren and Juanita’s map on the next page. Before using Warren and Juanita's map, it must 
be photocopied to 142% of the size shown. If it is not, the scale will be wrong. 
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How Far? 


Objectives 

The student be able to translate scaled map distances 
to other units of measure. 

m n 

Description of the Problem 

Distances between two points of a map can be found by rolling a device with a LEGO® optosensor and 
counting wheel over a map to record the distance covered. A computer program can convert the resulting 
information to kilometers or another desired distance unit. 

Building Ideas 

The gear ratio of the model shown below is .33 :1. Students can gear up more than this to improve the 
map measurer's precision but they should be aware that the friction added by including more gears may 
make the map measurer more difficult to handle. 
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Programming Ideas 

Following the suggestions in the student Programming Ideas, the procedures below show a two-step 
solution. First, students write a procedure like mapcounts that uses feedback from the optosensor and 
counting wheel to display the number of counts added to the counter after the student moves the map 
measurer. Then, based on the scale of the map, students modify their procedure to one like mapkm that 
shows the kilometers traveled instead of counts. 

Mapcounts waits 6 seconds for the students to move the map measurer. They may wish to change the 
wait time if they need more or less time to move the map measurer across the map. 

to mapcounts 
listento 6 
resetc 
wait 60 
show counter 
end 

The show counter statement in mapkm is modified to display kilometers traveled instead of counts. 
Using the map measurer built as described above and Warren and Juanita's map, students can multiply 
counts by the ratio 6 km per cm (which equals 3 km per count) to convert counts to kilometers. 

2 counts per cm 


4 Address the optosensor 
4 Reset the counter to 0 
4 Wait 6 seconds 
4 Display the value of the counter 


to mapkm 
listento 6 
resetc 
wait 60 

show counter * 3 
end 


4 Address the optosensor 
4 Reset the counter to 0 
4 Wait 6 seconds 

4 Display the result of multiplying the counter by the 
kilometers per count ratio 


INTERACTIVEMAP uses a different approach to programming the map measurer. The procedure is 
interactive: it queries the user for the scale (kilometers per centimeter) of the map. The procedure also 
uses an if statement to check the value of the counter. The if statement judges whether to stop or to 
continue measuring. If the old value of the counter equals the new value of the counter, the procedure 
assumes the map measurer has stopped moving, so the program halts and displays the kilometers traveled. 

TO INTERACTIVEMAP 
HT 
CC 

TYPE [HOW MANY KM PER CM?] 

MAKE "SCALE READLISTCC 

user input 


4 Flip the page and hide the turtle 
4 Clear the Command Center 

4 Create a variable called scale and set its value to the 
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LISTENTO 6 4 Address the optosensor 

RESETC 4 Reset the counter to 0 

TYPE [MEASURE NOW] 

MEASURE 4 Do the measure procedure 

END 

to measure 
make "oldm counter 

wait 20 

make "newm counter 

if :oldm = :newm 

[cc km.moved again] 

measure 
end 

to km.moved 

(print [Counter =] counter) 

(print [Miles traveled =] 

((first :scale) / 2) * counter) 

end 

The again procedure checks to see if the user wishes to find another mileage using the current scale. 

to again 

type [Type y to go again] 
make "key readchar 

ifelse :key = y 

[cc listento 6 resetc type 
[Measure now] measure] 

[cc stopall] 

end 

To clear the results printed on the turtle side of the page, students can use the C lea rtext command. Caution: 
Before typing cleartext, students should make sure they are not on the side of the page showing their 
procedures. If they are. Cleartext will erase all of their procedures. (6 -F or Ctrl - F flips back and forth 
between the two sides of the page.) If they do erase their procedures but they had previously saved their 
page, students can type restore immediately to bring back the last saved version of their page. 



4 Create a variable called key and set its value to the user 
input 

4 If the user types y, clear the Command Center, reset the 
counter and run the measure procedure; 

4 Otherwise, clear the Command Center and stop the entire 
program 


4 Display the value of the counter 

4 Display the kilometers travelled as a function of the scale 
of kilometers per centimeter on the map, divided by the 2 
counts per cm and multiplied by the value of the counter 


4 Create a variable called oldm and set its value to that of 
the counter 

4 Pause for 2 seconds to move the map measurer 
4 Create a variable called newm and set its value to that of 
the counter as the map measurer rolls along 
4 Compare the counter values stored in oldm and newm. 
If they are equal, do the km.moved and again 
procedures; 

4 Otherwise, keep running measure 



How Far? 


Related Concepts and Extensions 

Using their map measurers and the map provided (or other available maps), students can find answers 
to other questions. For example: 

• How far is Dover from the nearest forest? 

• Assuming the speed limit is 40 kilometers per hour, how long will it take Warren and Juanita to drive 
from Elms to Joy? 

Topographic maps are usually drawn using a 1 : 25000 scale, so that one foot on the map equals 25,000 
feet of land. At this scale about two and a half inches on the map equals 5280 feet or one mile. Multiply 
counter by 2222 (25,000/11.25 counts) to display miles using this standard topographic scale. The angle 
of declination or variation from magnetic north to true north is printed at the bottom of the map. 

Students can make their map speak “compass language” by drawing parallel reference lines from the top 
of the map to the bottom of the map approximately one inch apart at the declination angle. Using an 
“orienteering” compass they can transfer field measurements (compass readings) directly to the map. 
Most public libraries have “orienteering” handbooks. 

There are 0.62 miles in a kilometer. Students can multiply 0.62 times kilometers to change kilometers 
to miles. 

Teacher Notes 
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NO SHOW 



Business at the convention hall has not been good lately. Joyce and Stan have planned an interesting variety 
of shows, but no one seems to notice. They need to design a new way to attract people’s attention. 









NO SHOW—- 

PHg[]<&INI [BKDIEEF 

Build and program a rotating sign. As you design your device, consider the costs incurred for shipping 
and storing the unit: the sign’s size affects its shipping or storing costs. Of course, the size of the sign 
also impacts its visibility and effectiveness. 

(BPOLPOINMi OPIM 

To efficiently slow down the motor, use a worm gear in your model's gear train. 

Using index cards or a heavier paper, you can create many different signs. You can use connector pegs 
to attach the paper to the beams of your model. 

[PIMMIAMMI [NI(£i 

To control the movement of your sign, create an electric eye with an optosensor and a light. Then program 
your sign to start moving when people walk past the electric eye and to stop moving after a period of time 
if no one else passes by. 
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No Show 




Objectives 

The student will recognize how automated communi¬ 
cation reaches more people than a stationary sign. 


Description of the Problem 

Automated display boards attract more people than stationary displays. A rotary display should operate when 
people are present. An electric eye can be used to determine when the display should be turned on. 

Building Ideas 

Below is one idea for a rotating sign that uses a worm gear to reduce the speed of the motor. Worm gears 
act as one-tooth gears so they can efficiently gear down a motor. 



1 



docto 




















No Show 


Programming Ideas 

By typing lighton SIGN in the Command Center, students can control the rotating sign model. The sign 
turns on when the optosensor detects something. If 5 seconds have passed without detecting anything, 
the sign turns off. The program is recursive. To stop it, students must press the 6 or Ctrl key and then 
press S. Typing alloff (or ao) turns off the motor (if it remains on) and the light. Remember to type 
lighton before running SIGN or the “electric eye” won't work properly. 


If students do not wish to have software control of the lights, they can plug the light into the test port 
instead of writing the lighton procedure. However, the test port power cannot be turned off—students 
must remember to unplug the light from the test port. 


to lighton 
talkto 0 
on 
end 

TO SIGN 
TALKTO "B 
SETPOWER 3 
CHECK.TIME.OR, PEOPLE 
END 

to check.time.or.people 
if timer > 50 [off] 
listento 6 

if sensor? [resett on] 

check.time.or.people 

end 


4 Address the light 
4 Turn it on 


4 Address the motor 

| Set it to a lower power level 

4 Check to see if someone is near the sign 


4 If more than 5 seconds has passed, turn off the sign 
4 Address the optosensor 

4 If the optosensor detects something, reset the timer to 0 
and turn on the sign 
4 Keep running the procedure 


Related Concepts and Extensions 

This is a useful model for discussing gear ratios using worm gears. The worm gear is, in effect, a one- 
tooth gear. For each turn of the worm gear, one gear on the driven gear moves. In the rotating sign model 
above, the worm gear is meshed with a 24-tooth gear. To determine the gear ratio of the pair, students 
divide the number of teeth on the output gear by the number of teeth on the input gear: 

24 output teeth 
1 input tooth 

So the output gear is 24 times slower than the input gear. 
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To find the theoretical mechanical advantage for the whole power transmission system, calculate as 
follows: 


output teeth 
input teeth 


diameter of output pulley 

r „ = total ratio output/input 

diameter of input pulley 1 1 

24 x 3 cm. = 72 
1 1 cm. 1 


The mechanical advantage shown by the previous calculation is theoretical only. Friction, belt slippage 
and other factors influence a machine’s efficiency. 

Challenge students to design an automated scoreboard. 

Teacher Notes 
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Build and program a device that points to the 16 compass rose directions found on a traditional 
mariner's compass 

iyoMM mm 

The more you increase the gear ratio and gear down the device, the more precise your pointer will be. 
Do not use belt drives between the optosensor and pointer because belts slip and can cause inaccurate 
measurements. 


Write a procedure for each of the 16 directions and name the procedure for the direction used. Note: se 
is the short form of the primitivesentence, so you cannot use it as aprocedure name. Return the pointer 
to North after each time you use your compass procedure. 


To help you calculate the degrees for each pointer position, you can write a procedure that prints the 
number of degrees, then adds the correctnumber of degrees for the next position, and repeats the process 
for each position needed. 


In your program to control the compass needle, you will need to calibrate the distance it moves to the 
number of degrees you want to move it. Instead of using time (onfor) to control the compass, you can 
get more accurate movement by using feedback from the optosensor and counting wheel to measure the 
number of degrees the needle rotates. 
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Show Me the Way 

Objectives 

The student will understand 16 traditional compass 
rose directions and will be able to show each position. 
Students will understand the relationship of the 
compass rose directions and the degree values 
associated with each. 


Description of the Problem 

Compass rose directions are determined from the four main points of a compass. They are sometimes 
used in conjunction with degrees that are marked on the rose (dial). See the compass rose on the next page. 
A pointing device on the student’s machines can be programmed to move each direction. 



The 16 traditional compass rose directions are: North (N), North Northeast (NNE), Northeast (NE), East 
Northeast (ENE), East (E), East Southeast (ESE), Southeast (SE), South Southeast (SSE), South (S), 
South Southwest (SSW), Southwest (SW), West Southwest (WSW), West (W), West Northwest 
(WNW), Northwest (NW), and North Northwest (NNW). 


Building Ideas 

The compass rose model increases in accuracy as the gear ratio between the input and output of the gear 
train is increased. Be sure to use the optosensor and counting wheel at the beginning of the gear train but 
after any belt drives. Belts should not be used beyond the optosensor axle and gears because they slip 
and affect the accuracy of the pointer. 
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Students can use the compass rose illustration to help them measure angles as they program. To 
photocopy for use with the compass rose machine shown in the Building Ideas, enlarge by 142%. 
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Programming Ideas 

The number of degrees per revolution of the compass needle is 360. For each of the 16 positions, the 
needle must advance 360/16 or 22.5 degrees. 

To program their compass rose models, students must calibrate the distance the motorized needle moves 
to degrees. Students can use the optosensor and counting wheel to provide feedback for the motorized 
arm movements. This method is more accurate than using time (onfor) to control the compass needle. 
To calibrate counts to degrees, students need to find out how many counts are incremented as the compass 
needle moves to each position. With the motor plugged into port A and the optosensor into port 6, students 
can type in the Command Center: listento 6 resetc talkto "a on. After the compass needle moves 
180 degrees, they can type off show counter. 

Now to find the calibration factor, students can divide the counts by the number of degrees moved. For 
example, if the counter equals 2351 after moving the needle 180 degrees, the resulting calibration factor 
is about 13. Students can type show 2351 / 180 to calculate the result. 

The procedures written in this section assume the calibration factor is 13. Students may need to use a 
different number. 

The short form of the primitive sentence is se, so students cannot use se as the name of a procedure. 
Students can use se as a response to a question prompted by the procedure as shown in the direction 
program. In that case, se is not a procedure name. 

Using the printdegrees procedure, students can find the degrees corresponding to the 16 traditional 
compass rose positions. Type printdegrees 0 in the Command Center to run the procedure. 

to printdegrees idegrees 

ht 4 Flip the page and hide the turtle 

repeat 16 4 Repeat the list of commands for each position of the 

compass rose 

[make "degrees :degrees + (360 /16)4 Create a variable called degrees and add the number of 

degrees needed to advance the pointer to the next position 
print idegrees] 4 Print the current value of degrees 

end 

Once they know the number of degrees, students can calibrate their machine and write procedures to 
move the pointer to each of the 16 positions. Below are some examples. After running a procedure 
students should manually move the pointer back to the north position by plugging the motor into the test 
port. 

to n 

CC 4 Clear the Command Center 

tone 440 5 4 Sound a warning tone 

type [Your compass needle should 
already be pointing north.] 
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wait 30 

cc 

end 

to e 

listento 6 
resetc 
talkto "a 
on 

waituntil [counter > 90 * 13] 


off 

end 

to seast 

listento 6 
resetc 
talkto "a 
on 

waituntil [counter > 135 * 13] 


off 

end 


4 Pause for 3 seconds so the user can read the notice 
4 Clear the Command Center 


4 Address the optosensor 
4 Reset the counter to 0 
4 Address the motor 
4 Turn it on 

4 Wait until the counter is greater than the number of 
degrees corresponding to the East position multiplied by 
the calibration figure 
4 Turn off the motor 

4 Se cannot be used as a procedure name (see Programming 
Ideas section for an explanation) 

4 Address the optosensor 
4 Reset the counter to 0 
4 Address the motor 
4 Turn on the motor 

4 Wait until the counter is greater thatn the number of 
degrees corresponding to the Southeast position, multiplied 
by the calibration factor 
4 Turn off the motor 


to wnw 
listento 6 
resetc 
talkto "a 
on 

waituntil [counter > 292.5 * 13] 


off 

end 


4 Address the optosensor 
4 Reset the counter to 0 
4 address the motor 
4 Turn it on 

4 Wait until the counter is greater than the number of degrees 
corresponding to the West Northwest position, multiplied 
by the calibration factor 
4 Turn off the motor 


The COMPASS superprocedure employs similar logic to programming compass rose model but uses 
a more interactive approach. COMPASS prompts the user to enter one of the 16 compass directions. The 
check, input subprocedure evaluates the user entry to make certain the user entered it correctly; if not, 
the program is terminated. If the direction entry is correct, the figure.direction subprocedure is 
involved and the pointer moves the correct number of degrees. 
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TO COMPASS 

TYPE [WHAT DIRECTION WOULD 
YOU LIKE THE COMPASS TO 
SHOW?] 

MAKE "DIRECTION READLISTCC 4 


CHECK.INPUT 4 

FIGURE. DIRECTION 4 

CC 4 

TYPE [REMEMBER TO MOVE 4 

POINTER BACK TO NORTH 
BEFORE RUNNING COMPASS 
AGAIN.] 

WAIT 20 4 

CC 4 

END 


to check.input 

if not member? direction [[n] [nne] 4 
[ne] [ene] [e] [ese] [se] [sse] [s] 
[ssw] [sw] [wsw] [w] [wnw] [nw] 
[nnw]] 

[tone 220 2 4 

type [You must enter one of the 16 4 
traditional compass rose points] 
wait 20 4 

cc 4 

stopall] 4 

end 

to figure.direction 

if direction = [n] 4 

[type [Compass should be pointing 
north. Please check position] 
wait 20 cc] 4 

if direction = [nne] [move 22.5] 4 

if direction = [ne] [move 45] 4 

if direction = [ene] [move 67.5] 
if direction = [e] [move 90] 


Create a variable and set its value to the list of characters 
entered by the user 

Check to make sure the user entered one of the 16 directions 
Move the pointer to the proper position 
Clear the Command Center 

Students can plug the motor wire into the test port to move 
the motor back to the North position 


Pause so the user can read the notice 
Clear the Command Center 


If the user did not enter one of the compass rose directions 
directions listed, 


Sound a warning note 

Remind them to enter the correct information 

Pause for 2 seconds 
Clear the Command Center 
Stop the entire program 


If the user requests North, remind them that the compass 
pointer should be in the North position before running the 
compass procedure 

Wait for 2 seconds, then clear the Command Center 
If the user requests the compass pointer to show North 
Northeast, move the pointer using 22.5 as the input in 
number of degrees. 

Check the value of the direction variable entered by the 
user against the remaining possible directions; when a 
match is found, run move and input the number of degrees 
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if direction = [ese] [move 112.5] 
if :direction = [se] [move 135] 
if idirection = [sse] [move 157.5] 
if :direction = [s] [move 180] 
if :direction = [ssw] [move 202.5] 
if :direction = [sw] [move 225] 
if :direction = [wsw] [move 247.5] 
if :direction = [w] [move 270] 
if direction = [wnw] [move 292.5] 
if direction = [nw] [move 315] 
if :direction = [nnw] [move 337.5] 
end 


for that compass direction into the degrees variable used 
with move 


to move :degrees 
listen to 6 
resetc 
talkto "a 
on 

waituntil [counter > :degrees * 13] 


off 

end 


4 Address the optosensor 
4 Reset the counter to 0 
4 Address the motor 
4 turn it on 

4 Wait until the counter is greater than the number of 
degrees set by the figure.direction subprocedure 
multiplied by the calibration factor 
4 Turn off the motor 


Related Concepts and Extensions 

Students can compare their compass model to a real compass by trying the following: 

• Use a real compass and take a “sighting” in the room 

• Place an X on the map where the reading was taken. 

• Place the LEGO® compass pointer over the X on the map. Figure out which of the 16 compass rose 
directions matches the degrees shown on the compass. Run the LEGO TC logo program to move 
the pointer. Do the two readings match? 

See How Far? in the Communication section for an activity involving related concepts. 

Teacher Notes 
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TOP SECRET 



Danielle, Bernie and Andy started a special research and development company to produce space age 
widgets. They need a security system to protect their secret plans. 
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Build and program a security system using two optosensors to check a coded card. If the code is correct, 
display the word “pass” on the computer screen. 


[gyDLPDPiy DP 



Use a 3 x 5 card and make lines with a black permanent marker for the code. Or you can punch holes in 
the card. Draw one set of codes near the top of the card and another set of codes near the bottom. 


You may need to glue two 3x5 cards together so the coded cards are sturdier and more opaque. 


Use two optosensors to read codes at the top and bottom of the card. 


DPI 



Use one optosensor to check the code on the top of the security card. If the first part is correct, use the 
second optosensor to check the other half of the code on the bottom of the card. 


You can check whether your security card works or not by passing it by the optosensors and counting 
the number of times the lights in ports 6 and 7 flash on. Your count for one sensor should match the lines 
or holes at the top and your count for the other sensor should match the lines or holes at the bottom. 



docto 


LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 


Top Secret 



Objectives 

The student will understand how sensors are used to 
control systems. 


Description of the Problem 

Black lines or punched holes in a 3 x 5 card are used to change the state of two optosensors. The first 
optosensor checks the first part of the code on the top of the card and controls whether the code collected 
by the second optosensor is evaluated or not. If both parts of the code are correct, the word “pass” prints 
on the screen. 


Building Ideas 

To make a security code card, students can take a 3 x 5 card and mark bar codes on it or punch holes in the 
bottom and top. Students may need to attach two 3 x 5 cards together so the cards are sturdier and more opaque. 














Top Secret 


The model shown here is designed so students can use the photocopies of the bar code cards from the 
Can Scan activity in this section. They can trim down the code cards and mount one on the top right corner 
of the 3 x 5 card and the other on the bottom left corner. Students will need to make sure no other lines 
on the cards activate the sensors. 


The optosensors read best when only one stud separates them from the LEGO® lights. It is also easier 
to guide the code card smoothly. 


Programming Ideas 

To execute the security system program, type reset CHECK. Reset flips to the turtle side of the page 
and creates variables for the codes. Students only need to run reset when they begin a session or change 
the security code. CHECK begins evaluating the identification card that has passed by the sensor. If the 
code is incorrect, wrong code is displayed on the screen. If the code is correct, pass is displayed on 
the screen. 


to reset 
ht 

cleartext 
make "codel 1 
make "code2 5 


4 Flip the page and hide the turtle 
4 Clear any test from the screen 
4 Create a variable called COdel and set its value to 1 
4 Create a variable called COde2 and set its value to 5 


TO CHECK 

TALKTO [0 1] 4 

ON 4 

LISTENTO [6 7] 4 

RESETC 4 

TONE 367 1 4 

PRINT [INSERT CARD] 

WAIT 30 4 

CHECK.CODE1 4 

END 


Address the lights 
Turn them on 
Address the optosensors 
Reset both counters to 0 
Sound a tone 

Wait 3 seconds for the card to pass by the sensors 
Start checking the card's code 


to check.code1 
ifelse (first counter) = :code1 
[check.code2] 

[tone 220 5 print [wrong code] 
stopall] 


4 If the counter for port 6 equals the value set for codel, 
continue checking the card; 

4 Otherwise, sound a tone, print the message and stop the 
whole program 
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end 
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to check.code2 

ifelse (last counter) = :code2 

[cleartext tone 660 2 print "pass] 
[cleartext tone 220 5 print [wrong 

code] stopall] 


4 If the counter for port 7 equals the value set for COde2, clear 
the screen, sound a tone, and display pass on the screen; 
4 Otherwise, clear the screen, sound a tone, display the 
message and stop the program 


end 


Related Concepts and Extensions 

Students can build a door that opens when the correct security code is read. The building instructions 
labelled 1090 B show how to build one type of motorized door. The same door is used in the Moving 
Wall activity in the Production/Construction section. 

Below, the check.code2 subprocedure is modified to run open.door. The open.door subprocedure 
opens the door, pauses and closes the door: it assumes the door motor is connected to port B. 

to check.code2 

ifelse (last counter) = :code2 

[cleartext tone 660 2 print "pass 4 Line modified to open a motorized door 

open.door] 

[cleartext tone 220 5 print [wrong 
code] stopall] 

end 

to open.door 
talkto "b 
seteven 
onfor 30 
wait 20 
setodd 
onfor 30 
end 


4 Address the door motor 
4 Set its direction to open 
4 Turn it on for 3 seconds 
4 Pause for 2 seconds 
4 Set its direction to close 
4 Turn it on for 3 seconds 


Many companies use key card systems that allow hundreds of employees in and out. These systems may 
use more than one access code. The procedure below shows how a list of possible codes can be checked. 
These procedures also check both codes at the same time: the first code does not determine whether or 
not the second code is checked. 


to resetlist 
ht 

cleartext 

make "codelist [[1 2] [1 3] [2 5]] 
end 


4 Flip the page and hide the turtle 
4 Clear all text from the screen 

4 Create a variable called COdelist and set its value to the 
list of ordered pairs of codes 
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TO CHECKIT 
HT 

TALKTO [0 1] 
ON 

LISTENTO [6 7] 
RESETC 
TONE 330 1 
WAIT 30 
CHECKLIST 

END 


4 Flip the page and hide the turtle 
4 Address both lights 
4 Turn them on 
4 Address both optosensors 
4 Reset the counters to 0 
4 Sound a tone 

4 Pause 3 seconds while the card passes by the optosensors 
4 Evaluate whether the code card has one of the acceptable 
codes 


to checklist 

ifelse member? counter :codeliSt 4 If the list of counts on the card found by both sensors 

is in the code list, 

[print "pass ] 4 Display the word pass on the screen; 

[print [wrong code]] 4 Otherwise, display wrong code 

end 

Teacher Notes 
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UP AND AWAY 



Clara and Dylan have organized a hot air balloon race. They need to get a better indication of the wind 
speed before the race can begin. 
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Objectives 

The student will understand how a spinning mechani¬ 
cal device can be interfaced with a computer. The 
student will learn to convert rotary motion to a linear 
measurement by programming the computer to 
indicate wind speed. 

Description of the Problem 

An anemometer is a machine that calculates wind speed. With LEGO® TC logo materials, wind speed 
can be indicated in revolutions per minute (rpm) or counts per second (cps) by using an optosensor as 
a counting device. 

Building Ideas 

Students can use paper, plastic or styrofoam drinking cups for the anemometer cups. They should avoid 
using gears and pulleys in their machines because the friction created would be too great. 

Use a house fan or blow dryer to spin the model. Or students can use their own “puffing power!” 
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Programming Ideas 

The rpm procedure calculates the revolutions per minute of the anemometer and displays the amount 
on the screen. If the 4 black/4 white side of the counting wheel faces the optosensor, divide counter by 
4 instead of 8 as shown in the program below. 


to rpm 
ht 

type [calculating rpm...] 

listento 6 

resetc 

wait 60 

cc 

(print [rpm=] 

(counter/8) * 10) 

end 


4 Flip the page and hide the turtle 

4 Address the optosensor 
4 Reset the counter to 0 
4 Pause for 6 seconds to collect data 
4 Clear the Command Center 

4 Display the value of the counter divided by the number of 
counts per revolution; multiply the result by ten to find 
revolutions per minute 


The WIND program calculates the current wind speed in counts per second. Instead of sampling the 
counts after 6 seconds, the program stops automatically when the anemometer stops moving. The WIND 
program is similar to the INTERACTIVEMAP program in the How Far? activity, except that the WIND 
program measures speed and the INTERACTIVEMAP program measures distance. 


TO WIND 

HT 4 Flip the page and hide the turtle 

CC 4 Clear the Command Center 


TYPE [START THE WIND!] 

RESETT 

LISTENTO 6 

RESETC 

MEASURE 

END 


4 Reset the timer to 0 
4 Address the optosensor 
4 Reset the counter to 0 

4 Collect data using the measure subprocedure 


to measure 
make "oldm counter 

wait 20 

make "newm counter 

if :oldm = :newm [speed cc again] 


4 Create a variable called oldm and set its value to that of 
the counter 

4 Pause 2 seconds to allow data (counts) to be collected 
4 Update the value of newm to the value of the counter 
4 Compare the counter values stored in oldm and newm. 
If they are equal, the anemometer has stopped moving, so 
calculate the speed, clear the Command Center, and do the 
again procedure 
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measure 

end 


4 If oldm and newm are not equal, the anemometer 
is still moving, so run measure again 


to speed 

(print [Counter =] counter) 4 Display the counter value 

(print [Timer in seconds = ] timer / 10)4 Display the timer in seconds 
(print [Wind speed (cps) :] 4 Display the wind speed in counts per second 

counter / (timer /10)) 
end 

to again 

type [Type y to go again] 

make "key readchar 4 Create a variable called key and set its value to the user 

input 

ifelse :key = "y [cc listento 6 resetc 4 If the user types a y, clear the Command Center, address 
resett measure] the optosensor, reset the counter and timer to 0 and run the 

measure procedure; 

[CC Stopall] 4 Otherwise, clear the Command Center and stop the entire 


end 


program 


Related Concepts and Extensions 

Ask students to change the length of the wind speed indicator arms. Does this affect their readings? How? 

Leonardo da Vinci (1452-1519), the Italian painter and engineer invented a “pressure plate anemometer.” It 
consisted of a metal plate held at the top, but not at the bottom, so it could swing from side to side. Then 
he calibrated a curved scale for measuring the force of the wind on the plate. The stronger the wind, the 
higher the plate was forced toward a horizontal position. 

The cup anemometer was invented by John Robinson in 1846. Versions of it are still widely used. This 
anemometer used an electrical circuit which would be turned on for short times repeatedly as the “fan” 
rotated. Each time the switch was closed, a counter increased its count by one. 

Cup anemometers must be calibrated with moving air of a known speed. Once the relationship between the 
revolutions per minute and the wind speed is known, anemometer readings can be converted to wind speed. 


Counts per second can be converted to miles per hours. Divide the counts per second by 4 or by 8 
(depending on which side of the counting wheel you are using) to obtain revolutions per second. Multiply 
by 3600 to obtain revolutions per hour. Next, measure the approximate circumference of the path traced 
by one revolution of an anemometer cup and convert to miles. (This will turn out to be a small fraction 
of a mile, generally about 0.0005 or so.) Multiply this value times the revolutions per hour for an estimate 
of the wind speed in miles per hour. 
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W.H. Dine did research with anemometers at the end of the 19th century. He discovered the effect of 
turbulence, or the irregularity of wind speed and direction caused by the drag of surface friction as wind 
passes over objects. By raising his anemometers to 15 feet above building roofs, Dine found they would 
measure equivalent speeds. Meteorologists now consider 33 feet (10 meters) on top of a pole away from 
any building a standard exposure for accurate anemometer readings. 

The Beaufort scale is a series of numbers determined in 1806 by Sir Francis Beaufort, a British admiral, 
to define increasing strengths of wind. The classifications in his scale range from Force 0 for calm air 
to Force 12 for the onset of hurricane winds. Descriptive data has now been written for wind speed when 
using visual signs for estimating the wind speeds observed at sea and on land. 

THE BEAUFORT SCALE, ADAPTED FOR USE ON LAND 
and with the addition of speeds measured by modem instruments 


Beaufort 

Description 

Specification 

Speed 


Force 


on land 

mph 

km/h 

0 

Calm 

Smoke rises vertically 

less than 1 


1 

Light air 

Direction of wind shown by smoke drift but not by wind vanes 

1-3 

1-5 

2 

Light breeze 

Wind felt on face, leaves rustle, ordinary wind vane moved by wind 

4-7 

6-11 

3 

Gentle breeze 

Leaves and small twigs in constant motion, wind extends light flag 

8-12 

12-19 

4 

Moderate breeze 

Wind raises dust and loose paper, small branches move 

13-18 

20-29 

5 

Fresh breeze 

Small trees start to sway, crested wavelets on inland waters 

19-24 

30-39 

6 

Strong breeze 

Large branches in motion, whistling in telegraph wires, umbrellas 





used with difficulty 

25-31 

40-50 

7 

Near gale 

Whole trees in motion, inconvenient to walk against wind 

32-38 

51-61 

8 

Gale 

Twigs break from trees, difficult to walk 

39-46 

62-74 

9 

Strong gale 

Slight structural damage occurs, chimney post and slates removed 

47-54 

75-87 

10 

Storm 

Trees uprooted, considerable structural damage occurs 

55-63 

88-101 

11 

Violent storm 

Widespread damage 

64-73 

102-117 

12 

Hurricane 

Widespread damage 

>74 

>118 


Teacher Notes 
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Transportation 











Transportation technology has extended our ability to walk and allows us to move 
at inhuman speeds through the air, and on land and sea. With continued advances 
in air, space and undersea transportation we are not bound to the land or water surface 
at all. 

The LEGO® TC logo activity Joy Ride allows students to gain an understanding of 
the wheelbase and track specifications for vehicles. The So Inclined and Snowbound 
activities provided an understanding of the way vehicles are built to travel over snow. Cog Up and See Us and 
A Peak Experience challenge students to design vehicles for special purposes. 

Following is a list of the ten Transportation activities in alphabetical order. The descriptive names of the 
activities and the models presented as a solution for each activity are listed. Refer to the grids on the next 
pages for an overview of the building and programming levels for each activity, and key LEGO TC logo, 
science, and math concepts related to each solution. Keep in mind that all activities are open-ended and 
many solutions at different building and programming levels are possible. Also, solutions involving 
other scientific or mathematical principles are likely. The same grids are used in each of the four sections 
as a handy cross reference for all activities. 


Overview 



Activity Name 

Model 

Other Materials Needed 

A Peak Experience 

Cable car 

String 

Cog Up and See Us 

Cog railway 

An additional TCI set 

Derby Time 

Non-motorized car 

Cycloid curve or other type of 
race track, tape, extra LEGO wires 

Easy Doze It 

Bulldozer 


Going Up? 

Elevator 

String 

Joy Ride 

Maneuverable car 

Joystick 

Snowbound 

Snowmobile 

Photocopies of the snowmobile 
“exterior”, scissors 

So Inclined 

Snowcat 


Walk the Line 

Line-following robot 

White paper or surface, black 
tape or permanent marker 

What a Drag 

Drag car 

Extra LEGO wires 
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Activities 

LEGO®TC 

logo Commands x. 

and Concepts* 

A Peak Experience 

Cog Up and See Us 

Derby Time 

Easy Doze It 

Going Up? 

Joy Ride 

Snowbound 

So Inclined 

Walk the Line 

What a Drag 

Building level 


m 






■■ 




m 

H 

>• 

M 

■■ 

■ 

H 

H 

■■ 

M 

H 

H 

aa 

m 

M 

at 


Programming level 

















n 


m 

n 



n 

n 

n 

n 

D 

n 

n 

n 

n 

n 

Conditionals (if. ifelse) 





X 



X 

X 


Conditionals with and. or 











Counter to check if moving 











to count objects 











to measure degrees 











to measure linear distance 





X 






to measure rotations 











to measure speed 











Jovstick control 






X 





Keyboard (instant) control 











Member?, number? 





X 






Optosensor as an “electric eve” 

X 

X 

X 


X 





X 

as a switch 

X 

X 



X 





X 

to follow a line 









X 


Pulsewidth 











Recursion 





X 

X 



X 


Repeat 











Setting motor direction 

X 

X 


X 

X 

X 




X 

Setting motor/ light Dower 

X 





X 

X 

X 



Subprocedures 

X 

X 



X 

X 

X 

X 

X 

X 

Timer 


X 

X 






X 

X 

Tone 



X 






X 

X 

Turtle oage procedures 




X 



X 

X 



Variables, global and local 




X 

X 


X 




Wait 


X 

X 

X 






X 













*Commands such as talkto, on, off, listento and waituntil are used in most activities so they are not 
included in this grid. 




ctacto 





Activities 

Applied x. 

Science 

A Peak Experience 

Cog Up and See Us 

Derby Time 

Easy Doze It 

Going Up? 

Joy Ride 

Snowbound 

So Inclined 

Walk the Line 

What a Drag 

Acceleration 



X 







X 

Center of gravity 

X 

X 

X 




X 

X 



Centrifugal effect 








X 



ComDression/tension 





X 






Convection/conduction 

X 










Friction 

X 


X 

X 



X 

X 


X 

Gravity and gravitational 











effects 

X 

X 

X 


X 


X 

X 


X 

Inertia 



X 







X 

Mechanical advantage: gears 





X 

X 

X 

X 

X 


Mechanical advantage: levers 











Mechanical advantage: oullevs 





X 






Momentum 



X 







X 

Velocity, angular 











Velocitv. linear 



X 







X 
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Walk the Line 






A PEAK EXPERIENCE 



Residents of Skiindaweis stuff, a tiny village in the Alps, have a long tradition of driving skiers up and 
down the mountain. But now both the skiers and residents are tired of the repetitious process and the 
dangerous, winding road. They need another way to move skiers up and down the mountain. 


docto 
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A Peak Experience 

Objectives 

The student will understand the effect of changing 
the center of gravity of a vehicle suspended from a 
cable (string). 


Problem 

A cable car (or gondola) is needed to move passengers up a steep incline. Cable cars are designed so that 
the center of gravity is near the base of the car. Increasing the distance between the cable and the center 
of gravity of the car can increase the stability of the car. 

Building Ideas 

Wrapping the string around the pulley wheels (black cross-hub elements) increases the friction and 
allows the cable car to move up a steeper incline. 

The cable car shown here can move up an incline of up to 45 degrees. 




Description of the 
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A Peak Experience 


Programming Ideas 

Using seteven and setodd may help the students understand the direction the motors turn when they 
read their programming code. Students however, must still test the model to insure both motors are 
moving the same direction before running the procedure-seteven and setodd are only 
relative directions. 


In the program below the student controls the optosensor in port 6 (the sensor at the bottom of the lift) 
to start the cable car. At the top of the lift the sensor in port 7 is triggered automatically by the cable car 
as it passes by, reversing the direction of the motors. 


TO SKILIFT 
TALKTO 0 
ON 

TOUCH.SWITCH 

TALKTO "B 

SETEVEN 

ON 

AUTO.SWITCH 

OFF 

WAIT 10 
SETODD 
ONFOR 40 

TYPE [READY TO LOAD 
WAIT 20 
CC 
END 


4 Address the light across from the optosensor in port 7 
4 Turn on the light 

4 Wait for the user to start the cable car using the 
optosensor in port 6 
4 Address the motor 
4 Set its direction (up) 

4 Turn on the cable car motor 
4 Wait until the cable car reaches the top 
4 Turn off the motor 
4 Wait 1 second 

4 Reverse the cable car’s direction 
4 Turn the cable car motor on for 4 seconds 

NEXT GROUP...] 

4 Wait for 2 seconds 
4 Clear the Command Center 


to touch.switch 
listento 6 

waituntil [sensor?] 
end 


4 Address the optosensor in port 6 
4 Wait until the user activates the sensor 


to auto.switch 

listento 7 4 Address the optosensor in port 7 

waituntil [sensor?] 4 Wait until the cable car reaches the top and activates 

the sensor 
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end 
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A Peak Experience 


Related Concepts and Extensions 

The center of gravity of an object is the point at which the entire weight of the object is concentrated. An 
object’s stability depends upon the location of its center of gravity and its area of support. In general, an 
object remains stable as long as its center of gravity remains above its area of support. 

Wind is a factor when designing a cable car. Place a fan at right angles to the cable. Add paper around 
the cable car to streamline it. Does the car remain stable with the wind blowing? 

Tie a weight onto a string and tie the string at the center mark on a protractor. Use this to measure how 
steep an angle the cable car can climb. 

Teacher Notes 


JM 
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COC UP and SEE 



Sammy and Lila run the Buena Vista Hotel, a resort famous for its lovely view of the valley below. 
Unfortunately few people come because the hotel is difficult to reach. Sammy and Lila need a fun and 
practical way to transport guests and luggage to and from the hotel. 


DPI A H®(3] 
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rCOC UP AND SEE US- 

PIMM [BIRDHIP 

Build and program a cog railroad and a cogged rail car to move on the track. 

[BPOLPOM KM 

Work with another group of students and two TCI sets to create a cog railroad and rail car system. 


Build your cog railroad at an incline. Page 6 of the building instructions labelled 1090 show how to connect 
the chain links. You will probably need two motors to power the train up the railroad's steep grade. 


[Mi DPI 



Write a program to move your rail car up to the top of the railroad, reverse the car's direction and return 
to the bottom of the railroad. Use optosensors to start and stop the rail car. 


l 'H 
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Cog Up and See Us 

Objectives 

The student will understand how a cog can be utilized 
to move heavy equipment up and down a steep incline. 



Description of the Problem 

A method of efficiently moving people and goods up a mountainside must be devised. Cable cars cannot 
be used because of cost and distance involved. A train and railbed can be used if the train moves using 
a cog system. By designing a center cog rail and a drive mechanism, the vehicle can travel up and down 
steep inclines safely. Because the system is a large one, it may be helpful to double the size of the student 
groups working on this TCI project. 


Building Ideas 

The solution illustrated below uses two TCI sets. Two motors power the same 24-tooth gear in the rail 
car. The broad chain links are connected and flipped to form the track. Page 6 of the building instructions 
labelled 1090 show how to connect the chain links. 







Cog Up and See Us 


Programming Ideas 

In the program below, students control the optosensor in port 6 (the sensor at the bottom of the lift) to 
start and stop the railroad car. At the top of the cog system, the sensor in port 7 is triggered automatically 
by the railroad car as it passes by, reversing the direction of the motors. 

By using seteven and setodd in their procedures, students can more easily understand the direction 
the motors are turning. However, the directions are not absolute: the position of the plugs in the ports also 
affects the direction motors turn, so students must still test their models to ensure both motors are moving 
in the same direction before running their procedures. 


TO COGRAIL 
TALKTO5 
ON 

TOUCH.SWITCH 
TALKTO [A B] 
SETEVEN 
ON 

AUTO.SWITCH 

OFF 

WAIT 10 
SETODD 
ON 

TOUCH.SWITCH 

OFF 

END 


to touch.switch 
listento 6 

waituntil [sensor?] 
end 

to auto.switch 
listento 7 

waituntil [sensor?] 
end 


4 Address the light across from the optosensor 
4 Turn it on 

4 Wait for the user to activate the optosensor in port 6 
4 Address both motors 
4 Set their direction 
4 Turn them on 

4 Wait for rail car to reach the top 
4 Turn off the motors 
4 Pause for 1 second 
4 Reverse the direction of the motors 
4 Turn them on 

4 Wait for the user to activate the optosensor in port 6 
4 Turn off both motors 


4 Address the optosensor in port 6 
4 Wait for the user to activate it 


4 Address the sensor at the top 
4 Wait for the rail car to activate it 


Related Concepts and Extensions 

As a vehicle moves up a steep incline, the center of gravity tends to move toward the back, placing more 
weight on the rear wheels. On steep inclines brakes cannot be used because they would be tom apart by 
the effort needed to stop a vehicle. 
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Cog Up and See Us 


The most famous cog railway was built on the steep three-mile incline of Mt. Washington in New 
Hampshire. It served as a pattern for a line of railways built in the Alps. The continuous cog rail was made 
of angle iron spaced a few inches apart and connected by iron bolts every four inches. A large gear wheel 
on the underside of the engine meshed with the cogs, providing the braking and holding needed while 
the engine pushed the passenger cars up the mountain and held back the cars on descent. 

A “lever pawl” or ratchet was patented before the cog rail train was constructed on Mt. Washington in 
New Hampshire. To study the ratchet see the Come Along activity. To learn how to add an incline- 
indicating device to your rail system, see the So Inclined activity. 

Teacher Notes 


7H 
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r DERBY TIME 



Allan and Janna are competing in this year’s Soap Box Derby. To design the best possible vehicle, they 
need a model to understand how various factors affect the movement of a non-motorized vehicle. 


] IMA HAA 
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rDERBY TIME- 

[M§0(S,(N1 IBKDHIF 

Build and program a non-motorized vehicle that accelerates the fastest in a competition where the finish 
line is 60 centimeters (or about 2 feet) from the end of a ramp. In order to qualify for the race you must 
show race officials your test data records. Part of your records should include correct procedures for 
testing the vehicle when several variables such as friction, mass and wheel size are involved. 



When constructing a winning soap box car you must ask yourself two very important questions: 1) How 
steep is the ramp? 2) What is the total distance my vehicle will travel—the ramp distance plus the 
distance between the ramp and the finish line? 

Knowing answers to these questions will help you figure out the degree to which forces such as gravity 
and friction affect the speed of your vehicle. 

In addition to the large wheels in the set, you can make smaller wheels using pulleys with rubber bands 
around them. 

Use an optosensor and a light to create a starting line for your ramp. Use the other optosensor and light 
as a finish line. Display the race time on the screen. 



dodo 


LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. ©1990 LEGO Group. These pages may be photocopied for use in the purchasing institution only. 



Derby Time 



Description of the Problem 


Objectives 

Students will become familiar with the effects of 
force, mass, inertia, mass distribution, and friction 
upon the motion of a vehicle moving down an 
incline. Students will develop an understanding of 
how to test devices in which more than one variable 
will cause effects. 


Students design and test their vehicles on a race track, and record data about them before a final derby 
race. The Design Variable Sheet in the Supplementary Material section can be used to record data. 


Building Ideas 

In addition to building vehicles, the students must also develop a race track on which they can run their 
non-motorized cars. See Building a Cycloid Curve Race Track in the Supplementary Material section, 
or design another type of track. Students probably will need to connect more than one wire end to end 
so the optosensors and lights can plug into the interface box. To prevent the wires from interfering with 
the race, they may wish to tape them down. 


Any non-motorized device that moves down the track is allowed. Students can adjust a number of 
variables, such as the wheels, total mass, chassis size, and lubricants. 






Derby Time MH 


Programming Ideas 

The derby procedure uses one optosensor to start the timer and the other optosensor to display the timer 
after the vehicle has crossed the finish line. A tone sounds to indicate when students can release their 
vehicles to start the race. 

to derby 
talkto [01] 
on 

tone 440 5 
listento 6 

waituntil [sensor?] 
resett 
wait 1 
listento 7 

waituntil [sensor?] 
show timer 
end 

Students can display the timer in seconds by changing the last line to show timer / 10. See the Auto 
Timer activity in the Communications section for other ideas related to timing the race, including 
measuring acceleration. Also, the What A Drag activity in the Transportation section provides a solution 
for controlling motorized vehicles. If students wish to race two cars at the same time, they need to connect 
an identical system to a separate computer and synchronize when the students execute the derby 
procedure. 

Related Concepts and Extensions 

There is no definite rule to predict the best design for a soap box derby vehicle. However, designing and 
racing a vehicle allows students to evaluate how various forces affect movement. Gravity and inertia are 
two important forces that affect the movement of a vehicle. The design of the vehicle-its mass, wheel 
size and dimensions among other factors-determine the negative or positive effects gravity and inertia 
have on the vehicle's movement. A well-designed vehicle maximizes the advantageous effects of the 
forces and minimizes the negative effects. 

Sir Isaac Newton first correctly described the relationship of force and mass to the motion of objects. 
These relationships have become known as the laws of motion. Newton’s first law states that objects 
possessing mass resist being set in motion; or, if they are already in motion, they continue in a straight 
line and resist efforts to stop. Resistance to change in motion is called inertia. 


4 Address the lights 
4 Turn them on 
4 Sound a tone 

4 Address the starting optosensor 
4 Wait until the optosensor is activated 
4 Reset the timer to 0 

4 Pause 1 tenth of a second so the race can get underway 
4 Address the finish line optosensor 
4 Wait until the vehicle crosses the finish line 
4 Display the timer in tenths of a second 


ctacto 


Teacher Notes 
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EASY DOZE IT 


t 



















^ R A F 


To encourage people to buy their equipment, the company is building a scale model of heavy machinery. 
One of the models they need is a bulldozer. 


DP IA H©(S 
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rEASY DOZE IT- 

[B>[I§n<S[Kl US [EQUIP 

Build a working model of a bulldozer that can move forward and back and turn 360 degrees. 



The bulldozer needs two independently-powered tracks in order to turn. Look at the photograph on the 
inside back page of the 1090 or the back page of the 1090E building 
instructions for suggestions. You can connect more than one wire together 
to make longer wires. 

You can use the procedures on the turtle page to control both motors. 

To get started, plug one end of a wire into the right hand motor and the 
other end into port A. Plug another wire into the left hand motor and into port B. 

Next, go to the turtle page and rename it by typing np "dozer. Now type tfd 10. Did your bulldozer 
move forward? If so, great! Try the tbk, trt and other procedures on the page. 

• If your bulldozer turned right instead of moving forward, turn around the plug in port A. 

• If your bulldozer turned left, turn around the plug in port B. 

• If the turtle moved backward, turn around the plugs in both port A and port B. 

Trt and tbk turn the bulldozer right and left but do not use degrees as input: they use time in tenths of 
seconds as an input to the onfor command. You can change trt and tit to move the bulldozer right or 
left a variable number of degrees by calibrating the time it takes the bulldozer to move a specific number 
of degrees and dividing :time in the onfor statement by the calibration factor. 
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Easy Doze It _ 

Objectives 

The student will understand how tracked vehicles 
turn and are able to maneuver. 



Description of the Problem 

Build a vehicle with the power to move heavy rocks and earth. Design a long track for each side of the 
vehicle. Each track must be run by a separate motor because the vehicle must maneuver and turn within 
a distance equal to its own length. 

Building Ideas 

Students will not need the optosensors for this activity. (The optosensors are shown plugged into the 
bulldozer in the photograph on card 1090 and 1090E back page.) 



Some students may constructthe tractor drive subsystem by assembling a single drive axle. This connects 
the two drive systems and the unit will not operate properly. If this scenario develops, allow the students 
to discover the advantages and disadvantages of a single, locked drive system. 





Easy Doze It 


Programming Ideas 

A “turtle” is a two-motor robot and also an object on the computer screen. The graphics that students 
make on the screen in LEGO® TC logo are created by moving a LEGO® TC logo screen “turtle” around. 
Flip the page to see the screen turtle (C5-F or Ctrl-F). For more information, see How to Use Turtle 
Graphics Commands in the How To section. 

As suggested on the student page, students should rename the turtle page (Example: namepage 
"dozer) before they use its procedures, so the turtle page remains in tact on the disk. These procedures 
listed below are on the turtle page and can be used to control the bulldozer. Students can try the 
procedures in the Command Center. 


to tfd :time 
talkto [a b] 
seteven 
onfor :time 

end 

to tbk :time 
talkto [a b] 
setodd 
onfor :time 

end 

to trt :time 
talkto "a 
setodd 
talkto " b 
seteven 

talkto [a b] 
onfor :time 

end 

to tit :time 
talkto "a 
seteven 
talkto 11 b 
setodd 

talkto [a b] 
onfor :time 

end 


4 Address both motors 
4 Set their direction 

4 Turn them on for the amount of time specified by 
the user 


4 Address both motors 
4 Set their direction 

4 Turn them on for the amount of time specified by 
the user 


4 Address the right-hand motor 
4 Set its direction 
4 Address the left-hand motor 
4 Set its direction opposite the direction of the right- 
hand motor 

4 Address both motors 

4 Turn them on for the amount of time specified by 
the user 


4 Address the right-hand motor 
4 Set its direction 
4 Address the left-hand motor 
4 Set its direction opposite the direction of the right- 
hand motor 

4 Address both motors 

4 Turn them on for the amount of time specified by 
the user 
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— H _ Easy Doze It 

Gofd, gobk, gort and golt start the bulldozer moving forward, back, right or left, respectively. Students 
must use offturtle or ot to turn off the motors. 


to gofd 
talkto [a b] 
seteven 
on 
end 

to gobk 
talkto [a b] 
setodd 
on 
end 

to gort 
talkto "a 
setodd 
talkto "b 
seteven 

talkto [a b] 

on 

end 

to golt 
talkto "a 
seteven 
talkto 11 b 
setodd 

talkto [a b] 

on 

end 


4 Address both motors 
4 Set their direction 
4 Turn them on 


4 Address both motors 
4 Set their direction 
4 Turn them on 


4 Address the right-hand motor 
4 Set its direction 
4 Address the left-hand motor 
4 Set its direction opposite the direction of the right- 
hand motor 
4 Address both motors 
4 Turn them on 


4 Address the right-hand motor 
4 Set its direction 
4 Address the left-hand motor 
4 Set its direction opposite the direction of the right- 
hand motor 
4 Address both motors 
4 Turn them on 


The offturtle and Ot procedures turn off both motors. Ot is faster to type than offturtle. Students could 
also use alloff or ao to turn off their models' motors. 


to offturtle 
talkto [a b] 
off 
end 

to ot 

offturtle 

end 


4 Address both motors 
4 Turn them off 


4 Do the offturtle procedure 
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Easy Doze It 



To change the input for trt and tit from time to degrees, students can try the following: set the bulldozer 
in a specific spot and type trt 10 in the Command Center. If it turns 80 degrees in the one second, the 
bulldozer turns 8 degrees for each tenth of one second. So, students can modify the trt procedure to move 
the bulldozer from an amount of time to degrees as follows: 


to trt :degrees 

clear 

talkto "a 
setodd 
talkto 11 b 
seteven 
talkto [a b] 
onfor:degrees / 8 

end 


4 The name of the variable is changed to degrees so it is 
what amount the user should enter (degrees rather than 
time) when executing the procedure 


4 This is the new line modifying time to degrees, by 
dividing the input to onfor 


If students want the turtle to turn 60 degrees, they can type trt 60 and, instead of turning onfor 60 (six 
seconds), the bulldozer will turn onfor 60/8 =7.5 tenths of one second—which should be the right 
amount of time to turn 60 degrees. Tit can be modified in the same way. The LEGO® motors operate at 
approximately 6000 rpm. Students may need to use a different calibration factor number depending upon 
several factors: the surface on which they operate their models, the amount of friction within the 
components of their model and the gear ratio of their model. 

Onfor only accepts whole numbers as input, (it ignores any decimal values) so some precision with the 
bulldozer's movement will be lost when calculations are performed. 

Changing the variable name from :time to :degrees doesn't actually change how the program works, 
but it may make the revised procedure easier to understand. 

Students can write procedures to move the bulldozer in a specific pattern or around a specified course. 
Here is an example: 

to square.track 
repeat 4 [tfd 20 
trt 90] 
end 
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Easy Doze It 


Related Concepts and Extensions 

Attach an audiovisual pen near one track. Use one motor to turn the vehicle in one direction. Then move 
the opposite way using the other motor. Compare the resulting tracings. Now turn the vehicle in each 
direction using both motors to turn each direction. Compare the second set of tracings with the first set 
of tracings. Use string or wire to take the measurements. Measure the distance traveled. Using which 
method allowed the motor to turn the greatest amount in the least distance? How much farther did the 
bulldozer turn with the same distance? 

Teacher Notes 
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dOINd UP? 
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Build and program an elevator to deliver an object from one level to another. Using optosensors, stop 
the elevator on the top floor and return the elevator to the bottom floor. 


®UDILPD!N1<S 


Combine pulleys with gears in your model's gear train so the elevator car moves more smoothly. Design 
your model's gear train so that it also reduces the speed of the motor. 

DPIIM 

You can use setpower in addition to gears to reduce the speed of your elevator. 

Add an optosensor and a light to your elevator to check whether the elevator car has reached the top of 
the shaft. Use another optosensor as a switch to start the elevator. 
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Going Up? _ 

Objectives 

The student will know how optosensors provide 
feedback and control the steering of a vehicle. 



Description of the Problem 

A machine must be designed to move people and goods vertically. The system should start when a key 
or switch is pressed. It should automatically stop at the top, pause for a moment, return to the first floor, 
and turn off. 


Building Ideas 


If students try the elevator2 
procedure they can move one 
optosensor here - 


The output of the power system must be slowed; 
otherwise, the elevator car moves too quickly. By 
using pulleys, students can provide smoother starts 
and stops. Including gears further reduces the 
power system ratio. By assembling the lifting 
subsystem at the top of the elevator shaft, the 
elevator car can be lowered closer to the ground. 
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Going Up? 


Programming Ideas 

The ELEVATOR procedure controls a two-level elevator using the subprocedures up and down. 
Students start the car moving by passing their fingers past the optosensor in port 6. Up stops the car when 
the optosensor at the top of the shaft is activated. Down uses a timer to move the car. Students may need 
to use other numbers for setpower and onfor. 


TO ELEVATOR 
TALKTO0 

ON 

LISTENTO 6 
WAITUNTIL [SENSOR?] 
UP 

WAIT 20 
DOWN 
WAIT 10 
END 

to up 
talkto "b 
seteven 
setpower 3 
on 

listento 7 

waituntil [sensor?] 

off 

end 

to down 
talkto "b 
setodd 
setpower 2 
onfor 20 
end 


4 Address the light across from the optosensor at the top 
of the shaft 
4 Turn it on 

4 Address the start optosensor 
4 Wait until the user activates the start optosensor 
4 Move the car up to the top 
4 Pause for 2 seconds 
4 Move the car down 
4 Pause for 1 second 


4 Address the motor 
4 Set its direction 

4 Set the power to a fairly low level 
4 Turn on the motor 

4 Address the optosensor at the top of the shaft 
4 Wait until it sees the car 
4 Turn off the motor 


4 Address the motor 
4 Set its direction 
4 Set its power to a lower level 
4 Turn it on for 2 seconds 


The ELEVATOR2 procedure shows an alternative way of controlling the elevator. It is not a solution 
based on the Design Brief, but provides an example for operating an elevator with several floors instead 
of two floors, a problem students may be interested in solving. An optosensor and counting wheel are 
mounted in the gear system to calculate the distance the elevator car moves. The whichf loor and move 
procedures figure out how far and in which direction the car should move. The program is recursive. To 
stop it, type $-S or Ctrl-S. 





Going Up? 


TO ELEVATOR2 
LISTENTO 7 
RESETC 

MAKE "OLDFLOOR 0 
CC 

WHICHFLOOR 

END 


4 Address the optosensor controlling the motor 
4 Reset the counter to 0 

4 Create a variable called oldfloor and set its value to 0 
4 Clear the Command Center 

4 Determine how far and in which direction the car should 
move 


to whichfloor 

type [Enter your floor number (0-2)] 
make "newfloor readchar 

ifelse member? :newfloor [0 1 2] 
[move:newfloor :oldfloor 
make "oldfloor :newfloor] 

[type [Please enter a 0,1 or 2]] 
wait 10 
cc 

whichfloor 

end 


4 Create a variable called newfloor and set its value to the 
user input 

4 If the user entered a 0,1 or 2, move the car the appropriate 
distance 

4 Update the value of oldfloor; 

4 Otherwise, request the appropriate input from the user 
4 Pause for 1 second 
4 Clear the Command Center 
4 Keep running the procedure 


to move :newfloor :oldfloor 
make "number 

(: newfloor - :oldfloor) 

ifelse :number < 0 

[down2 absolute :number] 
[up2 :number] 
end 


4 Create a variable called number and set its value to the 
difference between newfloor and oldfloor 
4 If the new floor is at a lower level than the old floor, go 
down; 

4 Otherwise, go up 


to absolute :number 
ifelse :number < 0 
[output - :number] 


[output :number] 
end 


4 Checks the value of the variable number 
4 If number is less than 0 

4 Report the negative value of the number (the negative 
of a negative is positive) 

MS-DOS version [output minus :number]; 

4 Otherwise, just report the value of number as it is 


Note that up2 and dOwn2 use the counting wheel to measure the distance the elevator car moves, instead 
of time as the up and down procedures do in up2 and down2. Because the optosensor provides 
feedback, the power level of the motors can be set at the same level instead of different levels as in up 

and down. 



Going Up? _HO 

to up2 :number 
talkto 11 b 
seteven 
setpower 3 
on 

listento 7 
resetc 

waituntil [counter > 16 * :number] 
off 
end 

to down2 :number 
talkto 11 b 
setodd 
setpower 3 
on 

listento 7 
resetc 

waituntil [counter > 16 * :number] 
off 
end 

Related Concepts and Extensions 

Gear and pulley speed reduction mechanisms increase the output force of the system. 

Adding counterweights to the model is an alternative way to balance the load. 

In a materials processing lab, the elevator model can be adapted to include the materials in the lab for 
the superstructure of the elevator. 

Teacher Notes 


4 Address the motor 
4 Set its direction 
4 Set it to a fairly low power level 
4 Turn on the motor 
4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until the car has moved the proper distance 
4 Turn off the motor 


4 Address the motor 
4 Set its direction 
4 Set it to a fairly low power level 
4 Turn on the motor 
4 Address the optosensor 
4 Reset the counter to 0 

4 Wait until the car has moved the proper distance 
4 Turn off the motor 
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JOY Rl DE 



After test driving the company's newest car design, Terry is concerned. It cannot maneuver around the 
pylons properly. The engineers must redesign the steering system. 
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rJOY RDDi-- 
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Build and program a vehicle that can maneuver in a figure 8 pattern around two pylons set less than 30 
centimeters apart. Control your vehicle with a joy stick. 



The distance between the front and rear wheels as well as the width between the wheels on the same axle 
affect a vehicle's turning radius. 

You can plug two wires end to end to create longer wires for your vehicle. 

You can measure your vehicle's turning diameter by mounting a pen or 
marker on the front and setting on a large sheet of paper or cardboard. 

[p[E(0)(S[EAMMD[Nl(S 0 

Lock its steering so the vehicle turns the tightest circle it can. Then control the motor driving the car so 
it turns a complete circle. 

Joysticks plug into the game port of the computer. Paddle and button? are two primitives you need 
to program joystick control. Joysticks use two paddles (paddle 0 and paddle 1) and two buttons 
(button? 0 and button? 1). Paddles 0 and 1 report numbers from 0 to 255, depending upon their 
position. Button numbers 0 and 1 report true of false depending upon whether they are being pressed 
or not. 
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Joy Ride 



Description of the Problem 

The diameter of a vehicle's turning circle depends 
length, and the degree to which each wheel turns, 
analyze steering characteristics and develop a mod 
pylons, 30 centimeters apart. 


Objectives 

The student will understand how rack and pinion 
steering functions and will be able to analyze 
wheelbase and track specifications. 


a three key variables: the track width, the wheelbase 
By changing one variable at a time the student can 
1 suitable for turning in a figure 8 pattern around two 


Building Ideas 

Students need large sheets of paper or cardboard on which to mark the turning diameter of their vehicles. 
Students can attach an audiovisual pen to the vehicle for tracing the path of the vehicle using a couple 
of rubber bands or tape. 



1 


1 
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Joy Ride _ MB 

Programming Ideas 

Students can use joysticks to control their vehicles. 

First, they must follow the directions provided on the joystick box to connect a joystick into the 
computer's game port. Most joysticks for Apple II computers use a DB-9 cable and plug into the back 
of the computer. Joysticks for Tandy 1000 computers use a 6-pin DIN connector cable and plug into the 
back of the computer. To run a joystick from IBM computers a game card must be plugged into an open 
slot inside the computer. Then the 15-pin joystick cable can be attached to the port on the card. Some 
joysticks connect to both IBM and Apple computers. 

Two LEGO® TC logo primitives are used to evaluate input from the game port: paddle and button?. 
Paddle takes a number from 0 to 3 as input. A joystick is made up of two “paddles” (one for up and down 
and the other for left and right) so students only need to use paddle 0 and paddle 1. Paddle reports 
a number from 0 to 255. The number indicates the position of the joystick. Paddle 0 reports how far up 
or down thejoystickis tilted and paddle 1 indicates how far left or right. Button? takes a number from 
0 to 1 as input. Button? reports either true if the button is being pressed, or false if the button is not 
being pressed. On some joystick's button number 0 is on the top of the joystick itself. 

Students can use the check procedure to make sure their joy stick is connected properly. Check shows 
the values reported by paddles 0 and 1 and buttons 0 and 1. Check is recursive. To stop it, students must 
press (5-S or Ctrl-S. 

to check 
cc 

(show paddle 0 paddle 1 button? 0 
button? 1) 
check 
end 

After their joysticks are tested, students can write procedures to maneuver their vehicle around two 
pylons (or just on the floor) controlling with the joystick. 

Using the paddle primitive, joyride checks the position of the joystick. As the joystick is pushed 
forward, paddle reports numbers closer to zero. Conversely, the farther back the joystick is pulled, the 
higher the number becomes. As soon as paddle 0 drops below 75, the mfd procedure starts the vehicle 
moving forward. If paddle 0 rises above 175, the mbk procedure begins moving the vehicle backward. 
Likewise, the vehicle turns right if paddle 1 drops below 75 and left if it rises above 175. If button number 
1 is pushed the motor(s) turned on will turn off. If button number 0 is pushed both the vehicle and the 
program will stop. 


4 Clear the Command Center 
(I Show the values of two paddles (0-255) and two 
buttons (true or false) all on the same line 
4 Keep checking and displaying the values 




Joy Ride 


TO JOYRIDE 

IF (PADDLE 0) < 75 [MFD] 

IF (PADDLE 0) > 175 [MBK] 

IF (PADDLE 1)< 75 [MRT] 

IF (PADDLE 1)> 175 [MLT] 

IF BUTTON? 1 [ALLOFF] 

IF BUTTON? 0 [ALLOFF STOPALL] 
JOYRIDE 


4 Move forward if paddle 0 is less than 75 
4 Move backward if paddle 0 is greater than 175 
4 Turn right if paddle 1 is less than 75 
4 Turn left if paddle 1 is greater than 175 
4 If button 1 is pressed, turn off all motors 
4 If button 0 is pressed, turn off all motors and stop the 
program 


END 


to mfd 

talkto "a 

setpower 2 

seteven 

on 

end 

to mbk 

talkto "a 

setpower 2 

setodd 

on 

end 

to mrt 

talkto 11 b 

setpower 7 

seteven 

on 

end 

to mlt 

talkto "b 

setpower 7 

setodd 

on 

end 


4 Address the motor moving the rear wheels 
4 Set its power to a low level 
4 Set its direction 
4 Turn on the motor 


4 Address the motor moving the rear wheels 
4 Set its power to a low level 
4 Set its direction 
4 Turn on the motor 


4 Address the motor turning the front wheels 
4 Set its power to the highest level 
4 Set its direction 
4 Turn on the motor 


4 Address the motor turning the front wheels 
4 Set its power to the highest level 
4 Set its direction 
4 Turn on the motor 




Joy Ride 


Related Concepts and Extensions 

Students can use the model shown in the Building Ideas and evaluate its capabilities; or they can pick 
an automobile manufacturer that provides the steering specifications for their automobiles. Then 
students can use the manufacturer’s data and design a model as close as possible to the specifications. 

Using the metric system is easier for scaling the model because the units are easier to multiply and divide. 

Specifications for the LEGO® Vehicle 

Turning circle diameter 30 centimeters (cm) 

Wheelbase 6.5 cm 

Track, front 5.2 cm 

Track, rear 6.5 cm 

Steering wheel, lock to lock 1.25 turns (8 tooth gear/gear rack system) 

Students can compare their vehicles' turning diameter tracings with one another to analyze the design 
characteristics. 

Students can find the distance their vehicles' travel by mounting an optosensor and counting wheel on 
the rear axle. This device can work as an odometer. Odometers in automobiles operate using worm gears 
and a flexible cable hooked to the front drive train. The other end of the cable is attached to the dashboard 
odometer using worm gears as well. The wear on individual parts is reduced by the cable’s slow 
movement due to the gearing down of the drive train by the worm gears. 

For an additional challenge, students can create a larger course using other materials for the pylons. Students 
will probably need very long wires for this new course. Wires with color-coded plugs and in three meter 
lengths are available in spare parts package item 1347, or in the Technic Control 0 set, item 9700. 

Teacher Notes 
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SNOWBOUND 



After a week of skiing, snowshoeing, and enjoying the outdoors, Rhonda and Tammy closed their cabin 
and loaded their snowmobiles. Much to their dismay, neither machine would start. After looking at both 
machines, they decided that one usable machine could be rebuilt from parts of both snowmobiles. 

01MA W)& 
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SNOWBOUND- 

P>[l^D(gtHJ IMOIf 

Build a single track vehicle that turns left and right using friction between the terrain and the vehicle’s 
steering surface. Develop a manual steering system to control the motors. 

[Bympw^ opum 

Beams 12-studs long acting as skis can produce enough friction to turn your vehicle. Rack and pinion 
steering allows each ski to turn to the same degree. 

Use two motors to overcome surface friction and drive the vehicle. 

You can use some of the procedures on the turtle page to control both motors. To get started, plug one 
end of a wire into the right motor and the other end into port A. Plug another wire into the left motor and 
the other end into port B. 

Next, go to the turtle page and rename it by typing np "snowmo. Now type tfd 10. Did your 
snowmobile move forward? 

If so, great! Try tbk and some of the other procedures on the page. (Trt and tit cannot be used with the 
snowmobile if both motors are driving the same gear. The machine will stall if the motors are not 
synchronized.) 

• If your snowmobile moved backward, turn around the plugs in both port A and port B. 

• If your snowmobile stalled, turn around one of the plugs in port A or B and try tfd 10 again. 
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Snowbound 



Objectives 

The student will understand how a great amount of 
sliding friction is used advantageously to turn a 
vehicle. 


Description of the Problem 

Build a vehicle that uses friction to maneuver. The operator will adjust the turning subsystem to allow 
the vehicle to turn left or right. Sliding friction will be used to maneuver the vehicle. 

Building Ideas 

Two identical gear trains are needed to control the single track of the snowmobile because the sliding 
friction of the vehicle is quite high. 


Different materials such as wood, paper, or wax paper, can be attached to the bottom of the skis. 



Students turn the snowmobile 
manually using this lever 




Programming Ideas 

Students can create many different procedures to move their snowmobiles around their desk, workstation 
or a prescribed course. The turtle procedures can be used as subprocedures as in the MOVE procedure 
below. 

For an introduction to and complete description of the turtle procedures see Easy Doze It in the Trans¬ 
portation section. 

Since the model shown uses both motors to turn the same gear, the trt and tit procedures on the turtle 
page cannot be used. 

TO MOVE 
TALKTO [A B] 

SETPOWER 3 
TFD 75 
TBK100 
END 


4 Address both motors 
| Set the power level to 3 
4 Move forward for 7.5 seconds 
4 Move backward for 10 seconds 


2 
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Snowbound 


Related Concepts and Extensions 

After motion begins, the friction force is somewhat less than its maximum value just before motion 
begins. In other words, sliding friction is less than limiting friction. Friction between two sliding surfaces 
decreases as speed increases. The coefficient of friction is represented by the Greek letter (l. Some 
examples include: 


Materials 


Hardwood on hardwood 

.25 

Rubber on concrete 

.75 

Metal on hardwood 

.40 

Steel on steel (smooth) 

.20 


Materials 


Steel on concrete 

.30 

Steel on Babbit metal 

.14 

Steel on steel (oiled) 

.06 

Steel runners on ice 

.04 


Until sliding occurs, the force trying to cause sliding and friction force remain equal to each other; this 
is a case of static friction. Just before sliding occurs, the friction force has reached a maximum and is 
called the limiting friction. 

Rolling friction is much less than sliding friction. For example, the coefficient of friction for rubber tires 
on concrete is .04; car wheels on rails .0045; and steel roller bearings on steel .003. 

Ask students to use setpower and different :time inputs to the turtle procedures to steer their vehicles 
through a maze. Then ask them to mark the curve traced by the vehicle as it travels fast and then slow. 
Does the speed of the vehicle affect the shape of the curve? 

Teacher Notes 
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T hile grooming a steep ski trail, Jerry tipped over his snowcat. To preventfurth 
warning device on his machine. With this warning device he can tell when o 
uch higher than the other and is becoming unstable. 





SO INCLINED 


PE§0(SM GBIROEIF 


Build and program a snowcat that has two independently-powered tracks and a sensor that indicates 
when the vehicle has tipped too far sideways. 


BOD0=. IP) D !MI (S Dtp)I 



You can make two identical gear trains to drive the snowcat. 


To create an incline warning device, use an optosensor and a weighted device that rotates on an axle. 
Let gravity control the rotation of the weighted device as the snowcat moves. 


You may wish to change the counting wheels so they are half black and half white. That way, your 
snowcat will receive more accurate feedback from the optosensors. Carefully cut out and glue the half 
black and half white counting wheel faces shown here to your counting wheels. 





You can use the turtle page procedures to control your two-motor snowcat. Remember to rename the 
turtle page before writing your own procedures. 
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So Inclined 



Objectives 

The student will demonstrate how a computer uses 
sensors to give feedback. The student will also 
understand how feedback can be used to make 
machines safer. 


Description of the Problem 

A vehicle that carries people and cargo must be developed. The vehicle requires two independently- 
powered tracks so it can gain traction and travel over snow. A warning device using an optosensor with 
a weighted counting wheel is needed. The warning device must rotate and signal a warning when one 
side of the vehicle is much higher than the other. 


Building Ideas 

The snowcat below has two independently-powered tracks. See the Snowbound activity for an example 
of a single-track snowmobile. 









So Inclined 


The optosensor will provide more accurate information if the counting wheel is changed to half black 
and half white. The reason? Consider this. The optosensor simply indicates a change of state from white 
to black. With several white and black sections on the counting wheel, the snowcat could move up an 
incline, rotating the counting wheel from white to black to white again. So the snowcat could be on a steep 
incline, detect the incline and sound a warning, then move farther up the incline and not detect that the 
snowcat is on an incline at all. 

Students can carefully cut out and glue a photocopy of the half white half black counting wheel faces 
shown on the previous page or they can permanently change the counting wheels by using model paints. 
Black tape and white liquid paper can also be used. 

Programming Ideas 

T o move their snowcats, students can use some of the procedures on the turtle page. Students should rename 
the turtle activity page before writing their own procedures. Example: np "snowcat. For an introduction 
to and complete description of the turtle procedures, see Easy Doze It in the Transportation section. 

The procedure GO turns on two headlights, sets the snowcat moving forward at power level two, and 
checks the state of the incline sensor. Students must use (f$-S or Ctrl-S and ao (alloff) to stop the GO 
procedure and to turn off the vehicle. 

The procedure check.incline is recursive: it continuously checks the state of the sensor in port 6. If the 
sensor is activated, a tone sounds. 

TO GO 

TALKTO [4 5] 4 

ON | 

GOFD 4 

SETPOWER 2 4 

CHECK.INCLINE 4 

END 

to check.incline 
listento 6 

if sensor? [tone 523 5] 
check.incline 
end 

The gofd, gobk, gort and golt procedures on the turtle page can be used with the procedure 
check.incline because they turn the motors on and keep them on while the recursive check.incline 


4 Address the optosensor 

4 If the sensor changes state, sound a warning tone 
4 Makes the procedure recursive 


Address the lights 
Turn them on 

Turtle page procedure that addresses both motors, sets 
them in the same direction and turns on the motors 
Set the motors to power level 2 
This subprocedure that checks the state of the 
“incline” sensor 
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So Inclined 


procedure runs. Tfd, tbk, trt and tit can be used to move the snowcat forward, back, right and left; 
however, the check.incline procedure cannot run using these procedures because they use the timer 
to control the motor and while the motors are being timed the check.incline procedure cannot run. 

Related Concepts and Extensions 

Discuss the center of gravity concept using the snowcat as a model. The center of gravity is the point 
at which the force of gravity is concentrated on an object. Changing the center of gravity makes a device 
more stable or less stable. A snowcat’s center of gravity is kept low because it encounters extremely 
steep terrain. 

Have students weigh their model and trace the outline of its two tracks. How many grams per centimeter 
or ounces per square inch press on the snowcat’s tracks? 

The Need A Lift ? activity in the Production/Construction section also uses half black/half white counting 
wheels. 

For information about controlling machines with a joystick, see the Joy Ride activity in the 
Transportation section. 

Teacher Notes 
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rWALKTHE LINE 
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Build and program a delivery vehicle that will follow a black line. 

(BdmPDWS DPEAg 

Use two drive wheels with independent axles and motors so the robot can turn. Mount the optosensor 
on the front of the robot. 


DPI 



Program your robot to sway over the line and back. As it moves, your robot can use an optosensor to 
check for the line. 


Revise your program to include a safety feature: if the robot does not detect the line within a specific 
time period, it stops. 
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Walk the Line 


Objectives 

_ The student will know how optosensors provide 

|| feedback and control the steering of a vehicle. 

m n 

of the Problem 

Vehicles are being used in manufacturing plants to deliver goods without a human operator controlling 
the device. One solution involves painting lines on the floor for a two-motor robot to follow. 

Building Ideas 

The greater the distance between the two drive wheels, the fewer turns the robot can make in a given 
amount of time. The position of the optosensor in relation to the wheels also affects how the robot moves. 

Use permanent black marker or a dull finish black tape on white paper or white cardboard for the robot’s 
route. 



Description 



If Technic Control 0 sets (item 9700) are available to your class, students can modify the turtle model 
on building instructions 9700-8 as shown in the photograph on the back page of the instructions. The 
original turtle is built with touch sensors; the modification shows a turtle with an optosensor attached 
instead. 


s 


1 
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Walk the Line 


Programming Ideas 

The FOLLOW procedure uses an optosensor to control the movement of a two-motor robot. The robot 
moves forward and turns because each motor is addressed and turned on separately instead of both 
motors moving at the same time. As the robot moves, the optosensor reports whether the floor is white 
(no line is seen) or black (a line is seen). 


Before running their procedures, students should make sure both motors are moving in the same 
direction. They can type talkto [a b] on for 10 to test their models. 


TO FOLLOW 
LISTENTO 6 
TALKTO "A 
LOOK.FOR.LINE 
TALKTO "B 
LOOK.FOR.LINE 
FOLLOW 
END 

to look.for.line 
on 

waituntil [sensor?] 
waituntil [not sensor?] 
off 
end 


4 Address the optosensor 
| Address the motor on the front 

4 Move forward and to the right until you pass over the line 
4 Address the motor on the back 

4 Move forward and to the left until you pass over the line 
4 Keep looking 


4 Turn on the motor 
4 Wait until the line is seen 

4 Wait until the line is crossed and the floor is white again 
4 Turn off the motor 


The FOLLOW2 procedure adds a safety feature into the program. If the robot sees no line within 3 
seconds, it turns off, stops the program and beeps. 


TO FOLLOW2 
LISTENTO 6 
TALKTO "A 
SAFE.LOOK 

TALKTO "B 
SAFE.LOOK 
FOLLOW2 
END 


to safe.look 

resett 

on 

waituntil [or timer > 30 
sensor?] 



4 This new line calls a subprocedure that checks for the 
line within a specific time period 


4 Reset the timer to 0 
4 Turn on the motor 

4 Keep going until the timer is greater than 3 seconds or 
a line is seen 
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Walk the Line 


if timer > 30 

[alloff tone 362 5 stopall] 
waituntil [not sensor?] 
off 
end 


4 If the timer is greater than 3 seconds, turn off the motor, 
sound a warning tone and stop the entire program 
4 If a line was seen, wait until the line is crossed 
4 Turn off the motor 


Related Concepts and Extensions 

Change the width of the black line. How thin a line can the robot follow? Are thinner lines more accurate? 


In order to prevent “mistracking” of the robot vehicle, use geometric construction to draw smoother 
tracks. Does the robot follow more uniform transition lines with greater ease? 

Teacher Notes 
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WHAT A DRAG 




Build and program a vehicle to run as fast as possible along a drag strip. 



Drag races are high speed competitions run on straight paved tracks called drag strips. The driver 
accelerates from a standing start and tries to reach the highest speed possible. The cars are built for 
lightness and the engines for power. The large rear wheels support the shift in weight during acceleration 
and provide traction. Most cars use a parachute for braking. 


The mass of your vehicle and the forces of inertia and gravity affect your vehicle’s speed. Vehicles with 
more LEGO® elements have more mass. The greater the mass, the more force is needed to start the vehicle 
(or to overcome inertia). Mass however, also influences the gravitational force on a vehicle. The more 
mass, the greater the gravitational force. So in any moving vehicle, inertia tends to keep it moving and 
gravity tends to slow it down. 


So, the mass of your vehicle and its distribution can maximize the positive and minimize the negative 
effects of these forces. 


The most important factor determining your vehicle’s ability to move is the gear train or belt drive 
system. Any vehicle you design uses the same motor, but the mechanical advantage of the gear train can 
maximize the motor's power. 

Additional tires can be created by putting rubber bands around pulleys. 

Depending upon the length of the drag strip, you may need to plug 
several wires together so the motors, lights and sensors can be 
connected to the interface box. 

Program your vehicle to move and time its movement down a track. You can use one optosensor to 
activate a “starting gun” and the other optosensor with a light as a finish line. If you wish to build a 
motorized start gate, include its opening and closing as subprocedures. 

In addition to timing the race, display the average speed of your drag car. 
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What A Drag 



Objectives 

The student will understand the application of 
Newton’s second law of motion and its affect on the 
acceleration of a vehicle. The mechanical advantage 
of gear trains and their effect on acceleration will be 
analyzed. 


Description of the Problem 

Each team will be given the same motor to be used to power the vehicle. A “drag strip” style track with 
a computer controlled start and timing system will be used. Variables can be analyzed using the Design 
Variable sheet found in the Supplemental Material section. 









What A Drag 


Despite slippage, the belt drive car tends to be faster than the chain drive car. Depending upon the surface 
of the drag strip students may need to gear down the motor more. Students should be sure to keep the mass 
constant when they change the gear train. They can do this by attaching the gears they remove from the 
gear train to another portion of the car. 

Depending on the length of the drag strip, students may need extra wires to be plugged together so the 
motors, lights and sensors can be attached to the interface box. 

If lubricants are one of the variables students use, they must be sure to use them last because their effect 
should be observed using the finished competition vehicle. 

Programming Ideas 

The DRAG RACE program uses one optosensor to activate “a starting gun” to reset the timer, and the 
program controls the starting gate and turns on the car motor. Another optosensor and a light brick are 
used as a finish line to display the time elapsed when the car completes the race. 

TO DRAGRACE 
SET.UP 

SOUND.GUN 
OPEN.GATE 
RESETT 
MOVE.CAR 
WAIT 5 
CLOSE.GATE 
FINISH 

END 

to set.up 
ht 

talkto 1 
on 

type [Activate the sensor to 
start the race] 

listento 6 4 Address the starting “gun” optosensor 

waituntil [sensor?] 4 Wait until it is activated 

end 


4 Reset the timer after the starting optosensor is 
activated by the user 
4 Sound a tone 
4 Open the starting gate 
4 Reset the timer to 0 
4 Set the car moving down the track 
4 Pause 5 tenths of a second for the car to get out of the gate 
4 Close the starting gate 

4 Turn off the car and display the car’s time after the 
car passes the optosensor finish line 


4 Flip the page and hide the turtle 
4 Address the light across from the finish line sensor 
4 Turn it on 


to sound.gun 
tone 220 1 
end 


4 Sound a tone 


to open.gate 

talkto "b 

4 Address the gate motor 

seteven 

4 Set its direction 

onfor 1 
end 

4 Turn it on for 1 tenth of a second 

to move.car 

talkto "c 

4 Address the car motor 

seteven 

4 Set its direction 

on 

end 

4 Turn it on 


to close.gate 
talkto 11 b 
setodd 
onfor 2 
end 

to finish 
listento 7 

waituntil [sensor?] 
all off 

(print [Time (tenths of seconds) 
timer) 
end 

Students can display the speed of their vehicles by changing the print line in the finish procedure. Assuming 
the drag strip track length is 180 centimeters (or about 6 feet) the new line would be 

(print [Speed (cm per second) =] 4 Display the vehicle’s speed as a function of the 

180/(timer/10)) distance divided by the time in seconds 

For other examples of race timing systems, see the Auto Timer activity in the Communication section and 
the Derby Time activity in the Transportation section. 

Related Concepts and Extensions 

Measuring in kilometers or miles per hour is more familiar for most students. They can modify the 
DRAGRACE program and finish subprocedure to calculate their vehicles’ speed in kilometers or 
miles per hour. 

To convert from centimeters per tenth of a second to kilometers per hour, multiply by 36,000 and divide 
by 100,000. 

centimeters X 36,000 tenths of a second ^ 1 kilometer _ km 

tenth of a second 1 hour 100,000 centimeter hr 



4 Address the finish line sensor 
4 Wait until the car passes by 
4 Turn off all motors and lights 
= ] 4 Display the time in tenths of seconds 


4 Address the gate motor 
4 Set its direction 

4 Turn it on for 2 tenths of a second 


What A Drag 


So the new print statement becomes 

(print [Speed (kph) =] 

(180 * 36000) / (timer * 100000)) 

To convert from feet per tenth of a second to miles per hour multiply by 36,000 and divide by 5280. 

feet X 36.000 tenths of a second ^ 1 mile miles 

tenth of a second 1 hour 5280 feet hr 

Assuming a 6 foot drag strip, the print statement becomes 

(print [Speed (mph) =] 

(6 * 36000) / (timer * 100000)) 

Teacher Notes 
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How To 






T 


he How To section summarizes programming concepts and provides examples for each 
idea.You may wish to photocopy some or all of the pages to use as overheads or handouts 
to students. For information about specific LEGO®TC logo commands, you can also see the 


LEGO TC logo Reference Guide. 


Read Disks and Pages (files).3 

Create a New Page or Select an Existing Page.4 

Name a Page.5 

Save a Page.5 

Copy a Page from Another Disk with One Disk Drive.6 

Copy a Page from Another Disk with Two Disk Drives.7 

Copy a Page to the Same Disk.7 

Erase a Page.7 

Restore a Changed Page.8 


Write Procedures.8 

Control Lights.9 

Control Motors.10 

Control More than One Motor.10 

Control from the Keyboard (“Instant Control”).12 


Use the Optosensor.13 

Use the Optosensor as a Switch.14 

Use the Counters.16 

Turn Feedback from the Counter into Distance, Speed, Mass, Angles.18 

Use the Timers.19 


Control Program Logic (if, ifelse, waituntil) .20 
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Read Disks and Pages 

Your LEGO® TC logo disk includes the LEGO TC logo program plus a scrapbook. The scrapbook is 
a set of LEGO TC logo pages. Each page is a file that can contain LEGO TC logo procedures, text and 
graphics. One page—the turtle page—is already on the disk. You can add new pages as you create 
procedures, text and graphics. 

A scrapbook also includes the Contents menu, which lists all the pages in the scrapbook. 

A Scrapbook Page 

Each page has two sides: 

• The procedure side of the pages, where you can define procedures. 

• The turtle side of the page, where you can draw graphics and write text. 

You can flip between the two sides by holding the (5 key down (Apple computer) or the Ctrl key 
(MS-DOS) computer and pressing the F key. 



The area at the bottom of the screen is called the Command Center. This is where you type instructions. 
It is not part of the page. When you select a LEGO TC logo page, you start on the procedure side of the 
page. 

The Size of a Page 

There is a limit to the number of characters you can put on a page. On Apple computers, you can put a 
total of 4030 characters on a page (front and back). On MS-DOS computers, the limit depends on the 
amount of memory left when the LEGO TC logo software is loaded. The maximum is 32,000 characters 
on the front and 32,000 characters on the back. 
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Create a New Page or Select an Existing Page 

From the Contents menu, you can choose or create a page on which to work, or you can erase one or more 
pages from the scrapbook. 

On the Contents page, you can create a new page or select a page you have already created. The Contents 
page is the first page you see after the LEGO® TC logo program is loaded or after you press the Escape 
key (Esc) from another page. The blinking light is called the cursor. It can be moved up and down with 
the arrow keys. 


Contents 


Use up and down arrows to choose a 
page and press Return 

■ NEW PAGE 

TURTLE 



To create a new page, move the cursor to NEW PAGE and press Return or Enter. A new page will 
appear. 



To move back to the Contents page, press Esc. To select an existing page from the Contents page, 
such as the turtle page, move the cursor down and press Return. 

To erase a page from the scrapbook, move the cursor to the page name and press the erase to end of line 
keys Cj-6 or F6. Warning: Once you erase a page, you cannot recover it. 
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Name a Page 

Before you can save a page, it needs a name. Naming the page must be done from the Command Center— 
the bottom part of the screen. 

To name the page, use the primitive namepage followed by a quote and the name of your page. Np 
is a short form of namepage. 



samples 


I namepage "samples I 

vf J 


A page name must be a single word. MS-DOS page names must be less than 9 characters. An .LWR 
extension is automatically added. Apple page names must be less than 13 characters. 

Save a Page 

Before you save a page, you must give it a name. See the previous section on naming pages. 

Pressing Esc will save the contents of your page and return you to the Contents page. 

If you use getpage to go to another page or newpage to create a new page, LEGO TC logo first saves 
the page you are working on. 

LEGO TC logo will save a page even if procedures on the page contain bugs. There are specific bugs 
that occur, however, that force LEGO TC logo to print an error message and prevent you from running 
the procedure until the bug is fixed. Two important cases include unmatched brackets in procedures and 
a procedure name the same as a primitive name. In these cases you must correct the error before LEGO 
TC logo allows you to continue programming. Even in these cases LEGO TC logo allows you to save 
your page. 

Beware: the Command Center is not part of a page and its contents cannot be saved. If you want to save 
something from the Command Center, be sure to copy it from the Command Center and paste it on the 
page (see How To Use Word Processing Commands on page 25). 
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Copy a Page from Another Disk with One Disk Drive 

Follow these steps to copy any page. 


1. Make sure your disk is in the disk drive. 

2 . Get the page you want to copy. 


Contents 


mypage 


Use up and down arrows to choose a 


togo \ 

page and press Return 


talkto "a 



onfor 20 

NEW PAGE 


end 

TURTLE 


■ 

■ MYPAGE 



ROBOTARM 



CONVEYOR 

i 



■ 


■ 




3 . Remove your disk from the drive and insert another LEGO® TC logo user disk. 

4 . Press Escape. 


The page is now on the other LEGO TC logo user disk. 


Contents 


Use up and down arrows to choose a 
page and press Return 

NEW PAGE 


TURTLE 
ELEVATOR 
■ MYPAGE 




To get back to your original disk, remove the new disk, insert your disk and press the Escape key (Esc). Y ou 
will see the Contents page for your disk. 
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Copy a Page from Another Disk with Two Disk Drives 

If you have two disk drives, you can copy pages more quickly. 

Start with your disk in drive 1 (or drive A) and the other disk in drive 2 (or drive B). 

Type: 

setdisk "a 

gp "mypage 4 Type in your page name 

setdisk "b 

press Escape 

Repeat these instructions for each page you want to copy. 


Copy a Page to the Same Disk 

Follow these instructions to copy a page onto the same disk. 

1. Get the page you want to copy. 

2. Change the name of page using the namepage (or np) command. 

3. Press Escape. 


Erase a Page 

You can erase any page listed on the Contents page. Put the cursor on the first letter of the page name, 
and press the erase to end of line keys 6-6 or F6. 



You can also erase a page by using erpage in the Command Center. Erpage uses the page name as input. 

erpage "elevator 

Warning: once you erase a page, you cannot recover it. 
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Restore a Changed Page 

Restore brings back the version of the page that is on the disk; in other words, the page as it was last 
saved. Once the page has been restored, you can leave the page by pressing Escape (Esc) or with any 
of the commands which leave the page (newpage, contents, getpage). 

Write Procedures 

One of the most important features of Logo programming is the ability of the programmer to create new 
commands. Primitives are the commands that LEGO TC logo already “knows.” New commands are 
created by writing procedures. Once these new commands are created, they can be saved and used again 
later. They can also be used, like building blocks, in other procedures. 

Procedures are named lists of primitives and other procedures. These lists tell your computer exactly how 
to do something. Let’s say you want to make a motor plugged into port A go back and forth. You could 
type talkto "a onfor 20 rd onfor 20. It would be much easier if you could just type go. 

Procedures are written in the Procedure Center in the upper part of the screen. Move the cursor to the 
Procedure Center by holding down the (5 key and pressing U if you are using an Apple computer, and 
by holding down the Control (Ctrl) key and pressing U if you are using an MS-DOS computer. The 
cursor should jump to the top of the page. 



motor 




Procedure Center 




Command Center 


Now type in the definition for go: 

to go | Procedures must start with to 

talkto "a 
onfor 20 
rd 

onfor 20 

end | Procedures must end with end on a separate line 
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To execute the new procedure, you must return to the Command Center. You move the cursor down to 
the Command Center by holding down the 6 or Control (Ctrl) key (MS-DOS computers) and pressing 
the D key. 

Now type go and press Return. The motor will go one direction for two seconds, reverse, then go the 
other direction for two seconds. 



talkto "a 
onfor 20 
rd 

onfor 20 
end 


motor 






Control Lights 

Here are examples of some common commands that control LEGO® lights. Lights can be plugged into 
any output port (0-5). 


talkto 1 


on 

off 

onfor 5 

setpower 4 


flash 7 12 


alloff 


4 Makes port 1 the current port, ready to receive 
instructions. All light and motor instructions are 
directed to port 1 until the next talkto command 
4 Turns on the current port 
4 Turns off the current port 
4 Turns on the current port for 5 tenths of a second 
and then off 

4 Sets the power level of the current port to 4. The 
intensity of the light is reduced. Power levels can 
be set to any integer value from 1 to 7 
4 Tells a light or motor to begin flashing on for 7 
tenths of a second and then off for 12 tenths of a 
second. Flashing continues until an on, onfor, or 
off command is given to that port; Flash only works 
with numbered ports 

4 Turns off all ports: sets ports A, B and C to the 
“even” direction, and the maximum power level (7) 
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Control Motors 

Here are examples of some common commands that control LEGO® motors. In general, motors are 
plugged into lettered ports (A, B, C) so their direction can be controlled. 


talkto "a 

on 

off 

onfor 5 

setpower 4 

talkto "a 
seteven 

on 

talkto "a 
setodd 

on 


4 Makes port A the current port, ready to receive instructions 

4 Turns on the current port 

| Turns off the current port 

4 Turns on the current port for 5 tenths of a second and 
then off 

4 Sets the power level of the current port to 4. Power levels 
can be set to any integer value from 1 to 7 

4 Sets the direction of motors to the “even” direction; the 
current is sent through port 0 

4 Sets the direction of motors to the “odd” direction; the 
current is sent through port 1 


alloff 


4 Turns off all of the ports. Sets ports A, B and C to the 
“even” direction and the maximum power level (7) 


Control More than One Motor 

You can control more than one motor simultaneously by giving the talkto command a list of the ports 
as input rather than one port. Lists are surrounded by square brackets [ ]. If one motor is plugged into 
port A and another into port B, turn them both on by typing 


talkto [a b] 4 Address motors connected to ports A and B 

onfor 20 4 Turn them on for 2 seconds 


One of the most frequent uses of simultaneous two-motor control is with a vehicle that turns as well as 
moves forward and back. One motor can control the wheel(s) on the right and another motor can control 
the wheel(s) on the left (see teacher notes for the Easy Doze It and Walk the Line activities in the 
Transportation section for instructions). 

Some special procedures have already been written to control a two-motor vehicle. These procedures are 
already on your LEGO® TC logo disk on the turtle page. Select the turtle page from the Contents page, 
then save it with a new name so you won’t lose the original procedures. 
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Several procedures are listed on the turtle page. Tfd, tbk, trt and tit move a two-motor vehicle forward, 
back, right and left, respectively. All require an input value for time in tenths of seconds. For example, 
if you type tfd 20, your vehicle will move right for 2 seconds. Trt and tit are not written to use degrees 
as input. If you would like to calibrate your vehicle to turn a number of degrees, see the teacher notes 
for the Easy Doze It activity in the Transportation section. 

To use the turtle page procedures, build a two-motor vehicle such as the bulldozer. Then plug the 
right-hand motor into port A and the left-hand motor into port B. Type tfdl 0 in the Command Center. 
If the vehicle turned right instead of going forward, turn around the plug in port A. If the vehicle turned 
left, turn around the plug in port B. If the vehicle went backward, turn around both plugs, keeping them 
in their respective ports. 

Other procedures on the turtle page are gofd, gobk. gort and golt. None of these procedures requires 
an input of time. Instead, it moves the vehicle in one direction until another procedure is called, or the 
vehicle is turned off. Gofd makes the vehicle move forward; gobk moves it backward. Golt and gort 
will turn your vehicle left and right, respectively. Use Ot or ao to turn off the vehicle. Ot is a turtle page 
procedure that turns off the two motors. Ao is the short form for alloff, a LEGO TC logo primitive that 
resets the interface box and turns off the power to all ports. 

You can create your own procedure to drive the vehicle around, using the turtle page procedures. Here 
is an example: 

to drive 
gofd 
wait 20 

gort 
wait 35 

golt 
wait 60 
gobk 
wait 20 

end 

You can also use a joystick to control your two-motor machine. See the Joy Ride activity in the 
Transportation section. 


4 Move forward 

4 Pause for two seconds as the vehicle moves 
forward 

4 Move to the right 

4 Pause for three and a half seconds as the vehicle 
turns right 

4 Move to the left 

4 Pause for six seconds as the vehicle turns left 

4 Move backward 

4 Pause for two seconds as the vehicle moves 
backward 
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Control from the Keyboard (“Instant Control”) 

Sometimes it is better to test a model before programming it to perform a specific operation. The program 
below allows you one-key control of a model with up to three motors connected to the interface box. The 
program is recursive. To stop it, press s. 


TO INSTANT 

MAKE"KEY READCHAR 

IF :KEY = "A [TALKTO "A] 

IF :KEY = "B [TALKTO "B] 

IF: KEY = "C [TALKTO "C] 

IF :KEY = "N [ON] 

IF :KEY = "F [OFF] 

IF :KEY = "S [ALLOFF STOP] 

IF :KEY = "R [RD] 

IF NUMBER? :KEY [SP :KEY] 

INSTANT 

END 


4 Make creates a variable called key and readchar waits 
for the user to press a key on the keyboard 
4 By typing a, b, or c, you can address ports A, B, or C 

4 Type n to turn on a motor 
4 Type f to turn off a motor 

4 By including this line, pressing s can stop the program; 

you do not need to use 6-S or Ctrl-S 
4 Typing r reverses the direction of the motor attached to 
the current port 

4 Typing a number from 1 to 7 sets the power level to that 
number using the subprocedure sp 
4 This line makes the program continue; it is a recursive call; 
see How To Make Recursive Procedures on page 21 


to sp: key 

if or :key < 1 :key > 7 [stop] 

setpower :key 

end 


4 If the user types a number less than 1 or greater than 7, 
stop the subprocedure; 

4 Otherwise, set the power level to the number entered by 
the user 
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Use the Optosensor 

Electronic sensors take information from the outside world and produce electronic signals to represent 
the information. The optosensor itself nestles in a hole in the brick. It reacts to both external light and 
to reflected light. 

Connect the optosensor brick to port 6 on the interface box. Is the green indicator light under the port on 
or off? When you place your finger over the sensor it will respond to changes of light conditions. Move 
your finger back and forth in front of the sensor to change its state a few times. LEGO TC logo can respond 
to input from the optosensor. In the Command Center, type 

listento 6 show sensor? 

The computer responds by displaying the state of the sensor on the screen. The sensor is either true or 
false. 

You can initialize the optosensor to report true or false when it detects an increase of light. To initialize 
the optosensor shine a light into it. 

For other ideas related to the optosensor, see the sections How To Use the Optosensor as a Switch and 
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Use the Optosensor as a Switch 

The optosensor has two states: true and false. Using LEGO® TC logo commands with the optosensor, 
you can create a “switch” to make something happen when the optosensor changes its state. 

listento 6 4 Make port 6 the current port, ready to receive messages 

from the sensors; you can also use listento 7 

show sensor? 4 Report the state of the current sensor(s); the state of a 

sensor is either true or false 

The switch procedure waits until the sensor is activated before turning a motor on for 2 seconds. 

to switch 

listento 6 4 Address the optosensor in port 6 

waituntil [sensor?] 4 Wait until something activates the sensor 

talkto "a 4 Address the motor in port A 

onfor 20 4 Turn it on for 2 seconds 

end 

On the attached page are devices that can be used to change the state of the sensor. 
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Use the Counters 

Ports 6 and 7 are input ports. Both input ports have a counter that automatically increments each time 
a sensor attached to the port changes from a false state to a true state. Using the commands described 
below, you can use the counters to effect a change in your LEGO® TC logo model. 


listento 6 
show sensor? 
show counter 
resetc 

show pulsewidth 


4 Make port 6 the current port, ready to receive messages 
from the sensors; you can also use listento 7 
4 Report the state of the current sensor(s); the state of a 
sensor is either true or false 
4 Report the number of times the state of a sensor changed 
from false to true since the last resetc command 
4 Reset the counter(s) to zero: use the listento command 
to address ports 6 and/or 7 before using resetc 
4 Report the length of time in milliseconds (1/1000) 
between the last two increases of the counter 


The go.ten procedure turns on the motor in port A, listens to a sensor in port 6, resets the counter, waits 
until the counter for port 6 is greater than ten and then switches off the motor. 


to go.ten 
listento 6 
resetc 
talkto "a 
on 

waituntil [counter >10] 

off 

end 


4 Address the optosensor in port 6 
4 Reset the counter to 0 
4 Address the motor 
4 Turn on the motor 

4 Wait until the counter is greater than 10 
4 Turn off the motor 


The go.short procedure listens to a sensor in port 6, resets the counter, turns on the motor in port A for 
two seconds, then displays the counter. 


to go.short 

Address the optosensor 
Reset the counter to 0 
Address the motor 
Turn the motor on for 2 seconds 

Display the value of the counter in the Command Center 

end 


listento 6 4 

resetc 4 

talkto "a 4 

onfor 20 4 

show counter 4 
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Turn Feedback from the Counter into... 



Mass 
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Use the Timers 

LEGO® TClogohas4 timers numbered 0 - 3. Ti mer# 0 is the main timer and can also be called simply ti mer. 

Show timer 4 Display the time on the main timer in tenths of one second 

resett 4 Set the time on the main timer to zero; resett# 0 is the 

same as resett 

Show timer# 2 4 Display the time on timer number 2 in tenths of a second; 

if motors or lights are on, they remain on during the wait 
time 

resett# 3 4 Reset timer number 3 to zero, 

wait 20 4 Wait for 2 seconds 

The time.it procedure turns on a device and, when the sensor sends back a pulse, stops the device and 
shows in tenths of a second how much time has elapsed. 

to time.it 
listento 6 
resett 
talkto "a 
on 

waituntil [sensor?] 
off 

show timer 
end 

The for.a.time procedure turns on a device for five seconds before turning it off again. 

to for.a.time 
talkto "a 
on 

wait 50 
off 
end 

The for.a.time2 procedure does the same thing as the for.a.time procedure but uses different 
primitives. 

to for.a.time2 

talkto "a 4 Address the motor 

onfor 50 4 Turn it on for 5 seconds, then turn it off 

end 


4 Address the motor 
4 Turn it on 
4 Pause for 5 seconds 
4 Turn it off 


4 Address the optosensor in port 6 
4 Reset the main timer to 0 
4 Address the motor in port A 
4 Turn it on 

4 Wait until the sensor is activated 
4 Turn off the motor 
4 Display the time elapsed on the screen 
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Control Program Logic 

Conditionals are instructions that cause one thing or another to happen depending on whether a condition 
is met. Here are some examples of how conditional statements can be used. 


talkto 11 b 4 Repeats the commands listed in brackets ten times: 

repeat 10 [onfor 20 wait 10] turns on the motor in port B for two seconds and then 

off for one second, ten times 


listento 7 

waituntil [counter = 35] 


4 Waits until the counter associated with port 7 registers 
thirty-five changes before going on to the next 
instruction in the procedure 


listento 6 
talkto 3 

if sensor? [flash 10 5] 


4 Begins flashing the light or motor connected to port 3, 
if the sensor connected to port 6 registers true 


talkto 0 
listento 6 

ifelse counter > 20 [flash 10 5] [off] 


4 Begins flashing the device in port 0 if the counter 
associated with port 6 is greater than 20; if it is less 
than 20, port 0 turns off 


listento 6 4 Turns on port 2 for seven-tenths of a second only if 

talkto 2 both the sensor reports true and the timer is greater 

if and sensor? (timer > 100) [onfor 7] than 100 


listento [6 7] 

waituntil [or sensor? = [true false] 
sensor? = [false true]] 


4 Waits until either the sensor in port 6 or the sensor 
in port 7 reports true before going on to the next 
command in the procedure 
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Create Variables 


LEGO® TC logo distinguishes between two types of variables, global and local. 


A global variable is one that stays in memory when no procedure is running and even when pages are 
changed. You can create a global variable using the make or name command. The two commands 
generally function the same. Both require two inputs: the name of the variable you are creating, and the 
word or list of words at which you want to set the value; however, they expect the inputs in different 
orders. Make expects the name of the variable first, then the value; name expects the value first, then 
the name of the variable. 

make "height 45 
show :height 
45 

name [5 78] "codelist 
show :codelist 
[5 78] 


4 Use make to define a variable with a value 
4 Use Show to display the value 
4 The computer shows the value of the variable height 

4 Use name to assign a value to a variable name 
4 Use Show to display the value 
4 The computer shows the value of the variable codelist 


Notice that the quote mark indicates you are referring to the name of the variable and the colon indicates 
you are referring to the value of the variable. 


show "height 
[height] 
show :height 
45 


4 Display the word height 
4 The computer responds 
4 Display the value of the variable height 
4 the computer responds 


If you make or name a global variable in the Command Center, it will not be saved after you turn off 
your computer. To save the definition of a global variable, you can create a procedure. Then, the next 
time you go to the page, you can run one procedure to set all your global variables. 


to set.variables 

make "height 45 

make "width 20 

make "scale 10 

make "nodes [10 20 30 40 50] 

end 


4 Create a variable height and set its value to 45 
4 Create a variable width and set its value to 20 
4 Create a variable scale and set its value to 10 
4 Create a variable nodes and set its value to the list 


To clear the global variables from memory, you can type clearnames. 
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show :height 
45 

clearnames 
show :height 
height has no value 


4 Display the value of height 
4 The computer responds 
4 Clear all global values from memory 
4 Display the value of height 
4 The computer responds 


Local variables stay in memory only while a procedure is running. You can create a local variable when 
you define a procedure. 

to set.speed :level 4 Define a procedure with one local variable 

talkto "a 4 Address a motor 

setpower : level 4 Set the motor power to the level entered by the user 

onfor 50 4 Turn the motor on for 5 seconds 

end 


Then when you run your procedure, enter the value for the variable immediately following the procedure 
name. 

set.speed 3 4 Run the procedure set.speed and set the local variable 

level to 3 


After you run the procedure, the local variable is not in memory. 

show :level 4 Display the value of level 

level has no value 4 The computer responds 

If you wish to see the value of a local variable while a procedure is running, you can add the Show 
command inside your procedure. 

to set.speed :level 
talkto "a 
setpower: level 
show:level 

onfor 50 
end 

You can create many global and local variables. To limit confusion, give each variable a meaningful 
name. 


4 The new line displays the value of level before turning on the 
motor 
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Use List Processing Commands 

Data structures are used to store information in programs. LEGO® TC logo uses two data structures: the 
word and the list. A word is any collection of one or more characters. Words are separated by spaces. 
Numbers are considered words in LEGO TC logo. A list is a collection of words, lists, or both words 
and lists. A list begins and ends with brackets. A word is usually a single piece of information; a list is 
considered a collection of one or more pieces of information. 


Since lists are one of the basic LEGO TC logo units for handling information, it is important to know 
ways of list processing: manipulating and accessing that information. The commands on this page show 
common list processing examples. Try typing these examples in the Command Center. Definitions and 
examples of each command are found in the LEGO TC logo Reference Guide. 


show count [gort [wait 50] gofd] 
show empty? [5 12 7 10] 
show item 2 [gort [wait 50] gofd] 
show butfirst [gort [wait 50] gofd] 

show butlast [gort [wait 50] gofd] 

listento [6 7] show first counter 

listento [6 7] show last counter 

show list "gobk [wait 30] 
show list? 100 
show list? [100 30 75] 
show Iput "20 [40 50 30] 

show fput [wait 10] 

[gofd [wait 20] golt] 


4 Reports 3, the number of items in the list 

4 Reports false since there are items in the list 

4 Reports [wait 50] since it is the second item in the list 

4 Reports [[wait 50] gofd], a list with everything 
but the first item 

4 Reports [gort [wait 50]], a list with everything 
but the last item 

4 Reports the state (true or false) of the sensor connected 
to port 6, since it is the first item in the counter list 

4 Reports the state (true or false) of the sensor connected 
to port 7, since it is the last item in the counter list 

4 Reports the new list [gobk [wait 30]] 

4 Reports false since 100 is a word, not a list 

4 Reports true since [100 30 75] is a list 

4 Reports [40 50 30 20], the new list generated by 
putting 20 at the end of the list 

4 Reports the new list [[wait 10] gofd [wait 20] 
golt] generated by putting the list [wait 10] at the 
beginning of the other list 
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Make Recursive Procedures 

A recursive procedure is one that calls a copy of itself as a subprocedure. 

There are three kinds of instructions in a recursive procedure: 1) the usual commands, like print, on and 
wait, 2) the recursive step that calls a copy of the procedure, usually with a smaller input, and 3) the base 
case (sometimes called the stop rule) that tells the procedure when to stop calling copies. The base case 
usually comes before the recursive call to prevent a call with too small an input. 

Infinite Recursion 

An infinite recursive procedure has no base case. Since the procedure has no condition to cause it to stop, 
it continues until the user stops it. You must stop an infinitely recursive procedure with (3-S (Apple 
computer) or Ctrl-S (MS-DOS computer). 

Siren plays its two sounds, then calls another copy of siren to do it again. 

to siren 
tone 262 5 
tone 440 5 

siren 4 Recursive step 

end 

Tail Recursion 

A procedure with tail recursion calls a copy of itself at the end of the procedure. Notice that the base case 
(or stop rule) is in the beginning. This is where you will usually find it. 

to countdown :num 

if :num = 0 [print [blast off!] stop] | Base case: when the number is zero, the procedure prints 
print :num “Blast Off!” then stops 

countdown :nurn - 1 | Recursive step: the procedure calls a copy of itself with 

end one less than itself 


rocket 


to countdown mum 

if :num = 0 [print [blast off!] stop] 

print mum 

countdown :num -1 

end 


5 

4 

3 

2 

1 

blast off! 



I countdown 5 I 

vf J 
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Embedded Recursion 

A procedure with embedded recursion has the recursive step within a statement in the procedure. The 
base case is almost always in the beginning of the procedure. AVG is a superprocedure that calculates 
an average based upon output from sum. The recursive call in sum is within a calculation. 


TO AVG :NUMBERS 
OUTPUT (SUM :NUMBERS) / 
(COUNT :NUMBERS) 

END 

to sum :numbers 
if (count :numbers) = 1 
[output first :numbers] 
output (first :numbers) + 
(sum butfirst :numbers) 
end 


4 AVG needs a list of numbers as input 
4 The sum subprocedure adds the list of numbers; 
then AVG divides the resulting sum by the quan¬ 
tity of numbers in the list 


4 If only one number is left, output that number; 

4 Otherwise, add the available first number to the 
rest of the numbers (this is the recursive part) 


average 


TO AVG :NUMBERS 
OUTPUT (SUM :NUMBERS)/ 
(COUNT :NUMBERS) 

END 


to sum :numbers 
if (count :numbers) = 1 
[output first:numbers] 
output (first:numbers) + 
(sum butfirst :numbers) 
end 


show avg [3 7 9] 
6.3333 


j 
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Use Turtle Graphics Commands 

As with other versions of Logo, you can create graphics on the screen with LEGO® TC logo. The 
computer screen is like a page of paper: the procedures are written on one side and the “turtle graphics” 
appear on the other. To “flip” from one side to the other hold down the 6 key (if you are using an Apple 
computer) or the Control key (Ctrl) (if you are using an MS-DOS computer) and press the F key. Pressing 
(3-F or Ctrl-F again will bring you back to where you started. 

Using “turtle” graphics, students control the movement of a screen object, called a turtle, using 
directional commands such as forward, back, right and left. 


Range of I\irtle Coordinates 

90 95 



-89 -94 

Apple MS-DOS 


forward 100 4 Move the turtle ahead 100 “turtle steps” 

fd 100 

back 35 4 Move the turtle backwards 35 “turtle steps” 

bk 35 

right 90 4 Rotate the turtle 90 degrees to the right 

rt 90 

left 122 4 Rotate the turtle 122 degrees to the left 

It 122 

eg 4 Clear graphics; erases all of the graphics on the screen 
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You can combine turtle graphics commands into procedures, like house: 



Use Word Processing Commands 

Special keys and key combinations provide an easy way of editing text in LEGO TC logo. 

To carry out word processing commands on Apple computers, you generally use key combinations with 
the Apple key Just hold down the ® key, then press the other key. For example, to f I ip the page, hold 
down the ® key and press the F key. 

To carry out special commands on MS-DOS computers, you generally use either the special function 
keys (FI through F10) or key combinations with the Control (Ctrl) key. To use a key combination, 
hold down the Ctrl key, then press the other key. For example, to flip the page, hold down the Ctrl key 
and press the F key. 

Correct Typing Mistakes 

On some computers the key that backs up and erases is called Backspace, on others it is Delete, and some 
computers simply have a long arrow. 

My robor ■ 

My roboH 

My robot ■ 

You need not backspace over correct letters to remove an incorrect one. Use the arrow keys to position 
the cursor just to the right of letter(s) you wish to delete before pressing the Backspace or Delete key. 


4 After eliminating the incorrect letter, you can type the 
correct one 
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Edit Text 

You can use LEGO TC logo’s word processor to write anything you wish. Usually the side of the page 
that shows first is used for writing and for documenting procedures. The turtle side is usually used for 
other things like stories, poems, and graphics. 


Text that you wish to cut or copy must first be selected. When text is selected, it is displayed as 
highlighted text. Before you start selecting, move the cursor to the beginning or end of the text you want 
to cut or copy. Then press 6-1 or FI to begin the selecting process. 


My robot is controlled by three motors.[0^e motor controls the elevation. 


Press one of the arrow (T<— i— >) keys to start selecting. The text is highlighted as the cursor moves. 


My robot is controlled by three motors. 


One motor controls the elevation. 


Once a block of text is selected, you can cut it or copy it. The cut keys remove the text from the screen, 
saving it temporarily in the computers memory. Press 6-2 or F2 to cut the selected text. 


My robot is controlled by three motors. ■ 


The copy keys are “safer” than the cut keys. They save the selected text in memory, but don’t remove 
it from the screen. To copy text, first move the cursor where you wish to begin copying the text. Next, 
press 6-1 or F1 to begin selecting text. Then use the arrow (T<— -l—>) keys to highlight the text you wish 
to copy. Finally, press 6-3 or F3 to copy the selected text. 


My robot is 


controlled by three motors. ■ 


The paste keys print the text you cut or copied. The text is pasted where the cursor is flashing. Move the 
cursor to the place you wish to paste the text. 


My robot is controlled by three motors. 


Then press 6-4 or F4 to paste the text. 

My robot is controlled by three motors. 
My robot is ■ 

And then you can continue typing. 

My robot is controlled by three motors. 
My robot is the best! ■ 
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To “undo” a text selection press Escape (Esc). 


My robot is controlled by 
My robot is the best! 


three 


motors. 


The highlighted text will then appear as normal text. 

My robot is controlled by three ■ motors. 
My robot is the best! 


Word Processing Keys 

The Word Processing keys, along with General Purpose Keys and Contents Menu Keys, are also listed 
in Chapter 4 of the Reference Guide. 

Select Keys 6-1 FI 

The select keys start the select mode. When you are in select mode, you can select text that you want to 
cut or copy. To select text, move the cursor over the text. The selected text is highlighted in inverse video. 
This text can then be cut with the cut keys or copied using the copy keys. 

Cut Keys 6-2 F2 

The cut keys remove the selected text, storing it in a section of the computer’s memory called the 
Clipboard. Any text previously in the Clipboard is erased from memory. 

Copy Keys 6-3 F3 

The copy keys store a copy of the selected text in a section of the computer’s memory called the 

Clipboard. Any text previously in the Clipboard is erased from memory. 

Paste Keys 6-4 F4 

The paste keys insert the text that is stored in the Clipboard onto the page at the cursor position. 

Escape Esc 

If you are in select mode, Escape turns the mode off. If you are not in select mode, Escape saves the 
page and brings the Contents menu to the screen. 

Erase to End of Line Keys 6-6 F6 

The erase to end of line keys erase all the text from the cursor position to the end of the line. This text 
is not stored in the Clipboard and cannot be recovered. Apple users: The “end of the line” is where the 
next carriage return character is. If you typed several lines without pressing Return, the end of the line 
may be several screen lines below the cursor. MS-DOS users: The end of a line is the right margin. 
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Next Screen Keys 

The next screen keys display the next screenful of text (if there is any). 

Previous Screen Keys 

The previous screen keys display the previous screenful of text (if there is any). 

Top of Page Keys 

The top of page keys move the cursor to the beginning of the text. 

Bottom of Page Keys 

The bottom of page keys move the cursor to the end of the text. 

Beginning of Line Keys 

The beginning of line keys move the cursor to the beginning of the line that the cursor 


6- -4 

Pg Dn 

6-<- 

Pg Up 

6-T 

Home 

tf- 

1 End 

6-B 

Ctrl- i 

is on. 



End of Line Keys 6-E Ctrl—> 

The end of line keys move the cursor to the end of the line that the cursor is on. Apple users: The “end 
of the line” is where the next carriage return character is. If you typed several lines without pressing 
Return, the end of the line may be several screen lines below the cursor. MS-DOS users: The end of 
a line is the right margin. 

Delete the character under the cursor Ctrl-D Delete 


Delete the character left of the cursor 


Delete <— 


Note: All of these key combinations work on either the page or the Command Center. If the cursor is 
on the page, a key combination affects the page. If the cursor is in the Command Center, a key 
combination affects the command. 
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Display Text on the Screen 

The commands print, show and type can be used to display text on the screen. All of the commands 
require one word or one list of words as input. A word is marked by a quote. Lists are surrounded by 
square brackets. LEGO® TC logo commands and numbers can be words or lists of words. 

Print is used to display text in either the Procedure Center or the turtle graphics portion of the page; in 
other words, not in the Command Center. 



Since printing in the Procedure Center often interferes with the procedures written on the page, it is a good 
idea to flip to the turtle side of the page before printing (6 - F or Ctrl - F). If you are printing text as part 
of a procedure, add a turtle graphics command, such as the hide turtle command (ht), before the print 
statement. 
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Show and type display text in the Command Center at the bottom of the screen. Show displays the 
information and moves the cursor to the next line. If show displays a list, the list remains in brackets. 



Type displays the information and keeps the cursor on the same line. Notice that when you press Return 
or Enter to add the next statement, the computer displays an error message. The computer assumes that 
the words on the line with the cursor are procedures. Since it cannot find a procedure called speed, it 
displays the error message. 




??? 



type [speed is] 
speed is 



don't know how to speed 



To avoid this situation, you can make type accept more than one input. To do this, add parentheses 
around the entire statement. 
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You can also use parentheses with show or print when you wish to include more than one input on a 
line. 
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Remove Displayed Text 

To remove text that is displayed on the screen using show or type, you can clear the Command Center 
by typing CC. 

To remove text that was placed on the screen with the print command, you can use cleartext. Caution: 
you cannot undo Cleartext. If you type cleartext when the Procedure Center is visible, all of your 
procedures will be erased. If you do accidentally erase your procedures, but you had saved them on your 
disk earlier, type restore. LEGO® TC logo will load the last saved version of your page. 


r - ™ ^ 


__,,, _ 

The car moved 107 counts. 1 


■ 

■ 1 



i 

display.counter 1 


display.counter 

_ J 


l cleartext L 

_ y 


You may be interested in reading further about some related commands. These are described in the 
LEGO TC logo Reference Guide : eg, clearpage, label, sentence. 

Print Graphics and Text 

Any page can be printed on a printer. Try the two commands below to print your page. If they do not work, 
check that your LEGO TC logo software disk is set for the type of printer you have. The Setting Up section 
A-4-a (MS-DOS) and A-4-c (Apple) explain how to change the printer setting. The default setting for 
Apple computers is “Apple Dot Matrix” for printers like the Imagewriter. The default setting for MS- 
DOS computers is IBM High Quality (HQ) Text. 

It is a good idea to save your page before you print it, in case the communication between your computer 
and printer fails. 

Before using either of the printing commands, make sure: 

• The printer is plugged into your computer. 

• The power light of the printer is on. 

• The select or on-line light of the printer is on. 

printscreen 4 Prints all the text and graphics thatyoucan see on thepage; 

the Command Center is not printed 
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Print Text Only 

printtext 4 Prints all the text on the page, including what has scrolled 

above or below the screen; text is printed in an 80 column 
format, which is the width of a standard printed page; the 
Command Center is not printed 

Make Music 

It’s easy to add music to your machines! The LEGO®TC logo primitive tone is all you need to know. 
Tone takes two inputs: the first is the pitch of the tone and the second is the duration. Below is a chart 
containing the pitches for various notes. Duration is in tenths of one second. 


Note Frequency, by Octave 


B 

62 

123 

247 

494 

988 

A# 

58 

117 

233 

466 

932 

A 

55 

110 

220 

440 

881 

G# 

52 

104 

208 

415 

830 

G 

49 

98 

196 

392 

784 

F# 

46 

92 

185 

370 

740 

F 

44 

87 

175 

349 

698 

E 

41 

82 

165 

330 

659 

D# 

39 

78 

156 

311 

622 

D 

37 

73 

147 

294 

587 

C# 


69 

139 

277 

554 

c 


65 

131 

262 

523 





middle C 


Here is a sample procedure to be used with the ferris wheel. (Directions for building the ferris wheel are 
in the building instruction booklet labelled 1090 A.) 

to music 

tone 330 9 4 Sound a tone at the frequency and duration designated 

tone 311 3 
tone 330 3 
tone 392 3 
tone 523 12 
tone 494 3 
tone 523 3 
tone 587 3 
tone 523 3 
tone 494 3 
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tone 523 3 
tone 330 3 
tone 392 3 
tone 494 12 
end 

TO FERRIS 
TALKTO "A 
ON 

MUSIC 
OFF 
END 

You can create subprocedures for notes to make programming songs easier. In the subprocedure 
examples below, the duration is a variable. That way, a song can use the same subprocedure for a certain 
note, but have the note “played” for different lengths of time. The LITTLELAMB procedure is an 
example. 

to a :dur 

tone 440 :dur 4 Sound an A for the amount of time entered by the user 

end 

to f# :dur 
tone 370 :dur 
end 

to e :dur 

tone 330 :dur 4 Sound an E for the amount of time entered by the user 

end 

to d :dur 

tone 294 :dur 4 Sound a D for the amount of time entered by the user 

end 


4 Sound an F sharp for the amount of time entered by the 
user 


4 Address the motor in port A 
4 Turn on the motor 
4 Play the music 
4 Turn off the motor 
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TO LITTLELAMB 
F# 2 
E 2 
D 2 
E 2 

REPEAT 2 [F# 1 WAIT 1] 

WAIT 1 

F# 3 

REPEAT 3 [E 2 WAIT 1] 

F# 2 
A 2 
A3 
END 


4 Sound an F sharp for 2 tenths of one second 
| Sound an E for 2 tenths of one second 
4 Sound a D for 2 tenths of one second 
4 Sound an E for 2 tenths of one second 
4 Repeat twice: sound an F sharp for 1 tenth of one second, 
pause for 1 tenth of one second 
4 Pause for 1 tenth of one second 
4 Sound an F sharp for 1 tenth of one second 
4 Repeat 3 times: sound an E for 2 tenths of one second, 
pause for 1 tenth of one second 
4 Sound an F sharp for 2 tenths of one second 
4 Sound an A for 2 tenths of one second 
4 Sound an A for 3 tenths of one second 


How To... 


37 



Separate LEGO’ Pieces 




Supplemental Material 







his section contains copy masters for important concepts, sheets to aid classroom management 


Survey of Elements.3 

Interface Connections.7 

Formalized Problem Solving Model.9 

Design Variable Sheet Master.11 

Design Variable Sheet Example.12 

Building A Cycloid Curve Race Track.13 

Measurement Worksheet.17 

Invention Drawing Graph Paper, Top View.19 

Invention Drawing Graph Paper, Front View.21 

Bibliography.23 


Supplemental Material 


1 















Survey of Elements _ 

The survey below shows the elements that are contained in the LEGO® Technic Control I (item 1090) 
and LEGO Technic Control II (item 1092) sets. 


Number of elements 


Name 

1090 

1092 

Building Plate 24 X 24 — blue 

- 

1 

§_ | 



Connecting lead — grey 

6 

7 

'' L 



Connecting lead — grey 

0 

1 

Technic motor — grey 

2 

3 

Helicopter bearing — black 

4 

- 




Counting disk — black/white 

2 

2 

Spoked hub — black 

4 


Optosensor — black 

2 

2 

Tire —black 

4 


Roofing bricks — yellow 

6 

8 



Number of elements 

Name 1090 1092 


Roofing bricks — yellow 6 4 



Roofing bricks — yellow 5 



Technic beams 1X2 — yellow 12 14 



Technic beams 1 X 4 — yellow 7 10 



Technic beams 1 X 6 — yellow 6 11 



Technic beams 1 X 8 — yellow 4 14 



Technic beams 1X12 — yellow 3 9 



Technic beams 1 X 16 — yellow 8 14 
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Number of elements 


Number of elements 


Hinge (under) — yellow 


92 Name 


Flat tiles 1X2 — yellow 


Angle plates — black 


Flat tiles 1 X 8 — black 



Plates 1 X 2 — black 


Plates 1 X 3 — black 



Plates 1 X 6 — black 



Plates 1 X 8 — black 


Flat tiles 1 X 2 — black 


8 8 




Plates 8 X 2 — black 


Plates 10 X 2 — blac 



Plates W. holes, 4 X 2 — black 4 




Plates W. holes, 8 X 2 — black 
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Number of elements 

1090 1092 Name 



Worm gears — grey 

SSb 


Racks — grey 


Number of elements 
1090 1092 


6 4 



Stop bushes — grey 


Small pulleys — grey 


Universal joints — grey 


Piston rods — grey 



O-rings — black 


O 


2 28 


6 10 


10 20 


Small rubber bands — black 


Large rubber bands — black 3 



I 


Cross axles (2 studs long)—black 


Cross axles (3 studs long)—black 2 2 



Cross axles (6 studs long)—black 4 7 
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Number of elements 


Number of elements 


Name 1090 1092 Name 


Cross axles (8 studs long)—black 3 4 Turntables — grey/black 


1090 1092 


Cross axles (10 studs long)—black 2 6 


Cross axles (12 studs long)—black 2 


Round plates, 2 X 2 — black 2 


Cross axles with thread — black 


2 

Connector pegs — grey 

8 

10 

Connector pegs — black 

12 

28 

Connector pegs with axle — grey 

4 

6 

Bushes with studs — grey 

4 

4 

Steering arm — grey 

2 


Nuts — grey 

m 


6 


Round bricks, 2 X 2 — black 

H 


Chain links — black 


Jockey wheels — grey/black 


Broad chain links — black 


Joints with tooth — grey 


Light bricks (4.5 volt) — yellow 2 6 



Transparent bricks, 1 X 2 — red 


m 


Transparent bricks, 1 X 2 — yellow - 2 


Transparent bricks, 1 X 2 — green - 2 
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Interface Connections 


4v 




By using the constant power 
supply or test port you can have 
light bricks on all the time 


Output connections 





Motor on 
One way only 




43S 


Motor on 


= ■ 1 1 \ _ 

r- \ 

| One way j 

L. — _] 
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Formalized Problem Solving Model 


Define 

Problem 


Identify Values 
and Principles 
Involved 


Identify Resources 



Monitor 

Solution 











Design Variable Sheet 


Name_Period 

Constants cannot be changed during testing. 



Testing Data 

Variables Results Notes 



Conclusions: 
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Design Variable Sheet Example 

Name Example _Period_ 

Constants cannot be changed during testing. 


Constants Specifications 


weight (mass) 

90 grams 

vehicle track width 

6.25 cm 

height 

3.75 cm 

ramp 

122 cm cycloid curve 








Testing Data 

Variables Results Notes 


7.6 cm 

7.2 meters 

slight curve left 

7.6 cm 

7 met eve 

curve left 

12.5 cm 

6.23 meters 

ran straight 

12.5 cm 

6.4 meters 

ran straight 


























Conclusions: 


A vehicle with a longer wheel base moves in a straighter line. 
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Building A Cycloid Curve Race Track 


The curve of quickest descent for a rolling ball (or tires of a vehicle) moving down an incline is a cycloid 
curve. For this reason, cycloid curve race tracks can be an exciting way to test the design of a non- 
motorized race vehicle. 

Following these instructions, you can construct a cycloid curve race track for your LEGO®TC logo races. 
This race track can be used with the Derby Time activity in the Transportation section and Auto Timer 
activity in the Communication section. The What A Drag activity in the Transportation section also 
provides ideas for race timing systems. 

The finished race track is quite large, 4'x 7' 1V 2 " (122 cm x 217 cm), so you may wish to scale down the 
race track. 

Materials Needed 

1 4' x 9' sheet of Vs" hardboard (122 cm x 274.5 cm) 

1 4' x 8' sheet of V 2 " plywood (122 cm x 244 cm) 

25 3 /4" x 2" x width of track spacing blocks (2 cm x 5 cm x width of track) 

hot glue gun 

jigsaw 

marker 

pencil 

scissors 

tape measure 

level 

Making and Tracing a Cycloid Curve Pattern 

1. Draw a 4 foot (122 cm) diameter circle on Vs" hardboard. Cut out this circle using a portable jigsaw. 
Glue a V 4 " x 2" x 2" pine block (or a 2 cm x 5 cm x 5 cm pine block) even with the edge of the circle. 
File a notch in the middle of this block deep enough to allow a marker point to rest in the notch. The point 
of the marker must be on the circumference of the circle. Tape the marker to the pine block to hold it 
steady. 

2. Tape a 4' x 9' (122 cm x 274.5 cm) piece of construction paper on a smooth wall. Have the top edge 
4 V 2 feet (137 cm) from the floor and the bottom edge parallel to the floor. Place the hardboard circle with 
the marker attached to the circumference at the left edge of the paper. The marker should be at the top 
of the circle. 

3. Carefully roll the circle along the floor. The marker will draw an arc from the top of the paper to the 
bottom of the paper. Do not allow the hardboard circle to skid on the floor when performing this 
procedure. The resulting pattern is a cycloid curve. 
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(274.5 cm) 
9' 





6 ' 373 " - 

(191.5 cm) 


th 


4' (122 cm) 


( 6" (15.25 cm) 


Making a Cycloid Curve 


4. Cut along the line and remove the top half of the paper. Place this upper half on the upper right comer 
of the 4' x 8' (122 cm x 244 cm) plywood as shown in the drawing on page 15. 

5. Trace the cycloid curve. To prevent your vehicles from falling off of the track, you may wish to add 
an extra inch (2.5 cm) or so to each side. That way you can have a “rail” on either side of the track. With 
the extra plywood in between the two sides, you can also trace a center guard rail. 

It is a good idea to draw outlines for both the rail and the position of the track itself. That way, you will 
have a line to follow when you put the hardboard in position. In the illustration on page 15, the cutting 
line (including the extra amount for the rail) is shown in a solid line. The position line for the track is traced 
in a dotted line. 


14 


Supplemental Material 




Tracing the Cycloid Curve Pattern on Plywood 


6. Reverse the pattern and place it on the opposite comer of the plywood. Trace the cycloid curve again. 
There should be space left between each traced pattern. 

Assembling the Race Track 

7. Saw on each line and save all three pieces of wood. If you wish to have a center guard rail, cut a piece 
from the center section. 

8. Cut 25 spacing blocks Yt" x 2" x width you desire for your track (2 cm x 5 cm x width of track). The 
width shown in the illustration below is 1872" (47 cm). 

9. Glue or otherwise fasten the spacing blocks every 6" (15 cm) or so on the track curve. Use four or five 
of the spacing blocks to support the bottom and the other side of the track structure. These will support 
the hardboard track which will be fastened on top of the blocks. You may wish to use a level to make 
sure your spacing blocks are attached evenly, ensuring the track is level and not bumpy. 

10. Glue or fasten the hardboard track along the inside of the track, on top of the spacing blocks. 
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1" border 
(2.5 cm) 



The Completed Cycloid Curve Race Track 


11. Add a LEGO® TC logo starting line at the top of the track and a finish line at a designated position 
at or beyond the end of the track. See the Auto Timer activity in the Communication section and the What 
A Drag activity in the Transporation section for ideas. You may wish to tape the LEGO sensors, wires 
and lights to the track to hold them in place. Y ou could make a starting gate out of plywood with a notch 
in the center for the guide rail which separates the two tracks. 
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Measurement Worksheet 

1 inch = 2.54 centimeters 
1 inch = 3.20 1 x 1 stud LEGO® bricks 
1 centimeter = 0.39 inches 
1 centimeter = 1.27 LEGO studs 
lxl stud LEGO brick = 5 /ie inches 
lxl stud LEGO brick = .79 centimeters 


Fh 

0 


3 


U 

•i—I 

F-f 





English Ruler 
inches 

9 9 P e 3 10 

I I • I ... i ... I ... I I ... I 1 I I I I , I I I 
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Invention Drawing: Top View 






Bdocto 







i i i ii I I i i i i 

Use this official LEGO® graph paper for designing your models from a TOP view. Place some 
LEGO plates (flat pieces) and bricks on this sheet with the studs facing upwards. Notice how they 











- fit in the lines. Each box equals a one-stud plate. — 

LEGO® and the LEGO Logo® are registered trademarks of INTERLEGO AG. 



























Invention Drawing: Front View 
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